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OBSERVATIONS 

tHYisjCAi AND LJTERARV/ 
Art 1 ctE L 




TJbe befcription dfa new Plant j 4y -^^^ Alex-* 
' AiiDEft Garden^ ,§^h^fician at; C^arJefloil 
. in SdUth Carolina^ ; - - : - ^ 

|OcTO}R GrAi^pftN Writes I)o6ldf/f%/^ 
r tjjat, in S^^mmer 1 754,. l>^;pift, about 
4 mile frQQi tjhf t;d^p ^iN^w/fork in 
N^,^ngl9nd^ wjit^^;^ plam ; wjiich, at firft^ 
he took to he a hy^erkum^ bijlji <gi^ exainining 
it^i fo^fid \\ difFerciH : tip$Hi which he toQ^ 
dowp:i|:s ch^radter;^^ anci fent th^n^) fo^e days 
^?!r> to Mifs 7^*> C?/^'?^ (^Wght^f :^^ '^^^ 
jjpncffftrgble Ci?/i^^ C!^^e?)f:ft!^.^ry ingc- 

tiiQus ypuiig Lady :and curiovw ^otftftift. In 
t^W ;to ti^is^ Mif§:C^/f/c«J(^nj(l ptfQarderi 
tbft charadlers of a plant which proves to be 
Vol, IL A the 
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i '£SSAYS AND OBSERVATION^ 

the fame : it is N^ ^53* of her coUedlion > 
and was firft found by her, Summer 1753. 
Ufing. the pri^ilegc.'xjf a firft difeoverer, fhe 
was pleafed to call this new pknt Gardenia^ 
in compliment to Hr^.G^den. 



The Defcription of the Gardenia, fent by 
-' -' bn Ga>deii to'Mifs Coldeh-l ^ ■ ^ " 

ANONYMOS. 

toLYADELPHIA EnNEANDRIA. 

Radix p^rpendiculiris, , in defcenfii \ fihras 
aliquot at plures cirfosciiiittcflai! Xcn- 
fim attenuatur, fimplex, mollis. 

Caulis ^ fimplex, fruticofiis, teres, reftut, 

•- ex alis-foliorum intettiodiis fefquipoB- 

licarifeus latefales^ 'etriittens ramulos, 
lineam ' crafliis, • feiibkum' plus mihu^ 
akus,'cavus, a-nhuus, glaber • • • ' 

Folia fimplki^, fefltlia, patuk, 4>injt*5f'op^ 
p6i5t6 alternata, 'integerrimai <!)bt%fa, 
ovata!> cordata in- duo auricula,- d^csL 
caulem fupra fe invkem expanfa, ad 
bafln- 'extendunfut-, hllttda^ fuperji^ vi- 
fidia^ Jnfcrne gfaueii,' nerva medio* ih-i 
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vPHYSICAL ANb LITEUARY. j. 

fri'.prominulo, punftis luctdid it^perici 

foliorum inftar perforata-'^-i--i-dimidium 

: vpofficis pltjs fli-irfup latitudine, fefquL- 

. poUtcari fere longitudine. 

. PkabiTNC^ nunc abris, nunc ternxmatciji, fili- 

formis, femiuncialis. : • 

Calyx pcmnihium pcntaphyllum perfiftens, 

foiiolis linearibu^^ lanceolatis, acutis. 

CaRoiiLiV'pcntapetalafpallldc rubral hraftcis 

lanceolatis, cum calyce fitum altcrnan- 

tibttsct longioribus. . , 

Stamina. F/iiz/«o#tf'novcin,.levit)ef purpurea 

fillformia, in tria corpora ad bafin coa- 

: lita, . Fafciculi ifti filamentorutn, in- 

terpofitione trium cjorpotnm ne£iareis 

'\ firnUiiiro, a .fc invicem fcparantur. 

Haecce corpora, colore fuijt brunco- 

luteQ, pbtufk, jcrftfla, bre^iora, : rece- 

ptaculo feflilia, hinc modice cava, in- 

d^ gibbofa, \Sitherae fubrotundae, par- 

y^e, lijteae-: ; ; 

PisTiLLUM germen trigonum 5 ftyli tres, 

fparut]fi reflcxi, tcretcs ; ftigma nullum, 

.. :yel fdtcm nudis oculis imperceptibile. 

JIeceptac. parvum cyathiforme excayatum. 

Pericarp, capfula oblonga, acuminata, ob- 

tiif? triquetra, trilocularis, trivalvis, 

tribu6 
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4 ES3AXS ANd OBSERVATIONS 

fribiis fiilcis per longitudineni decur^ 
rehtibus* 
$EMiNA , plUrima, parva, t)bfculc cylmdrica, 
receptaculo proprio :per ftmchi lumbi- 
licalem breviffimum ih duobus ordsnirf 
bus adhaerentia. ; ' i 

, 1/ Hypericum inter ; ^fyadelphia\ fdyari^ 
iHa collocatceteberrimus Linn^usj 
ct optirno quident jure : nam, in qoaV 
cunque re yarbnt inter fe diverfke hu- 
jus fpecies, cooitantec tamen exiftunt 
fihmcota'nttm^ofa; at in hacce plants^ 
; . ftrriper novcm ih^cniuntur. iilatnenta, 
.Ct femper in tria corpora vel fafciculos 
concrefc^nt. . 
^. In iyperico nuftquam ociurrunt neSfa- 
tea } at in anMymp fempcr cxiftunt 
tria, confpicua, et ftatnifta ab invicem 
feparantia. 

3. Germen et pericarpium figura fiibro-. 

tundd donantur ; at in anmymo uter-* 
cjue triquetra forma gaudet, 

4. In hyperico^ palyx perianth, quinque- 
/ partitum ; at in anonymo^ perianth. 

pentaphylluni* 
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^tjfi Colden's JHeTcription ^ the fame Plant, 

''"'" • N^ 153: Gardenia;' ^ • 

GdvBR'of the flower fe a cdp/i cottipfcrffed of 

five !aDcet>{h4py leaves contihaing. 
Flower, is iwc. OYal-ihap'd:lMyes> longer 

than the capi, aiid^eathoat. 
CteivESiir^ nine, placed in . three TDnndOfeS i- 
every: tJrree are joined in one body for 
. iteAr half th^k- 1^^ 5 their upper 
parts arcnfifti& fb^eacfe 5 -thl^ ai^ a little 
. : ihomr than the flower^eates, Tfie* 
r -. *^j>f iar$ rfeundifli, ' ' 

There are th#6e fniall eval^ap'd bodies,^ 

:: ^ of a bright red colouri^ placed on ^fie 

I ' T^tf^ef -the^^wer alternately with the 

bundles of t^A/wj. * 

jP^i STILL, 'thcfiid^bud (getirien) is of a long 
oVally (ha'pe, with thrcie deep furrows, 
The ;y?rVifi -^are three 'threads of the 
' length of -flip chives; ^he ft/J ^^ 
are plain. 
Cover of ihe feed is a Idng oval-fhap'd 
boxi of a dark red colour, with three 
deep furrow? along it, and opening at 

ihre? 
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4: ESSSAY6 AND OBSERVATIONS 

three parts at top. Before the feeds 
. are ripe;, ;t containj5 three cells ;. hut 
when the feeds are ripe, the divifions 
feparatc at the axls^ ^nd it contains * 
but one cell. 

Seat of the; feed is three ridges (being thi^ 
infidc of the three furrows of the faid 

•; - box) each ;wjth two rows of feeds. - - 

Seeds are numerous, fmall, and oval-fhap'd. 

|lppr is fibrous j but, tho' fibrous^ the moil? 

-— ■ of them arc about as thick as the ftalk; 

they ?re-wfeite and branched ; ibmeof 

r • • ■ them M^.like fine threads. : 

Stalk grows fingle, is rqund ^nd fmooth, 
and is branched put oppositely fron^ 
' the armrpits. of thp ]e*M?s^ 

LpAyps Hand- thinly In paifs -o^pofitely on 
the ftalk and branches, they have no 
leaf-ftalks, are oval-^fliap'd, about half 
^s loag as they are broad, broadeft iftj 
the middle, -are fmooth, -^aye ^ rib a- 
Ipng the nu4dle, lyjth fpiall tranfpa- 
rent veins extending from it towards 
the edges, and the edges are intire. 
TThe flowers are of a pale red colour j they 
ftand in clufters on th^ top of the ftalk 
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;I*HYSICAJL AND LITERARY,. jr 

and branches^ and fometimes in pairs 
at the arm-pits of the leaves. 
This plant gfgvs . in wet ground, and 

flowers in Augujl. 
\ Observation., The three", chives c»^ 
ineuch bundle, and the- three oy.alrfhap'd bo- 
dies on the feat pi , ^he flo werj together with 
•tl^l^^i^to whi,ctb the feed? adhere, .diftin- 
^rtifll this plant from the i&^^ ^nd, 

I think, not only make it a different, g*^!^^, 
but likeways makes an ordei; which Lin- 
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••Art. •ill." "■ ;■ '-"-^ 

r 

ADefcriftiSn f^ the Matrix or Ovary -^ thi 
" -Buccinutn Atopullatttm * 5 ' iyBiOiin^ 
^-WkYTT MlT>. F. k.'S's Fellm qf tk 
" '■ R^yalCdHege of Pb^/laanSi an^ Prifejfii' 
'- of 'MetHcineisri the'Vm'd^Jity-(f Bdior 
^ burgh* ' •• ' '* *' ' \"-^ -"" r'" ■ ' ' 

NATURALISTS inform us thflttli«'^£&iir 
and purpura^ the former towards thef 
clofe of the Winter and the latter in the 
Spring, throw out a vifcid glutinous humor jt 
which thickening and becoming dry, forms 
a congeries of cells or receptacles connefted 
togiether, fomething refembling the cods of* ' 
white vetches, and containing the nafcenf 
huccina or purpura. This congeries of cells 
or pods is often found upon the fliore, and 
fometimes miftaken for the hardened froth 
of the fea. 

But whatever may be the manner in 
which thcfc cells are formed^ the matrix^ 

ovary 

* The hucclnum amfuUatmn is that in which the hermit' 
Cfab is found. 
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l*HYSJCAt AJ^D LITERARY. 9 

favafy or receptacle, in which the nafcent 
buccina ainpullata arfe found, has fomcthing 
Remarkably curious in its ftrudture^ 

Tab. i; Jtgi i. teprefents the matrix^ as 
it is called, of the buccinum ampuUatumj fent 
tne from South-G?r(?i'fftf by Dr. Garden j the 
length of which was full two foot. ^ 

aa a a.a^ See. are the celk, receptacles o^ 
pods, compofing this matrix^ whofe number 
amounted to 94^ Thefe pods, towards the 
extremity D, turned fliialler* 

ABCD, a band or ligament connefting 
the feveral cells of podSj of much the famd 
kind of fubftance with the fides of the cells, 
but thicker and tougher. 

The pods or cells are conipofed of a thin, 
tough, tranfparent Ikin or membrane, and 
contain in their cavities a confiderable num- 
ber of fmall buccina. 

Fig. i. reprefents one of thefe cells intire^ 
thro* the tranfparent membrane of which 
may be feen the buccina it contains- 

Fig. 3. fhews one of thefe cells or pods'o- 

pcned, that its buccina may be diftindtly feen* 

VoL.IL B Fig. 
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to ESSAYS Ai^b OBSERVATIONS 

Fig. 4. exhibits feveral different views of 
the fmali buccina^ all of their natural fize. * 

In fomeof the pods or cells, I found 32, 
in others, only 28 buccina : but, as towards 
the fmalh end of the matrix the pods were 
kfs, and hud fev^er buccina in them, we may 
fuppofe that tacli pod might contain 25 buc^ 
cina\ in which cafe, the number in the 
whole matrix natif^ have been 23 50, 
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Art. IIL 

Drawings of fome very large Bones ; by 
George Clerk Efq; 

^TpAB. 11. Jig. I. reprefents the fcapula or 
•** fhoulder-blade of an animal, found in 
a fhell niacl-pit near the town of DrumfrieSy 
of a qionftrous fize, meafuring in length 
twenty pne inches and eight tenths. 

Fig. 2p is a rib twenty three inches long^ 
and two and two tenths broad. 

Fig. 3. and 4. are alfo pieces of broken 
ribs, found in the fame place ; wb?re the 
whole or grpateft part of the bones of the 
animal were afterwards difcovered, but loft 
or deftroyed by the country-people who 
found them. 

As the bones defcribed are at leaft one 
third larger than thofe of our biggeft oxei> 
or horfes, they are fuppofed to be the re- 
mains of an Elk or fome other animal not at 
prefent an inhabitant of this country. 

They are juft now in the pofleffion of 
Qeorge Ckrk, 

Art, 



Digitized by VjOOQ IC 



VitSSAYS AND OBSERVAtION$ 



Art. IV. 

Objervations on Light and . Colours *, Sy 
Thomas M^ilyili, M. A, * 

S^CT. L 

On the Mutual Penetration of Light. 

I. /^NE of the firftand greateft difficulties 

V^ that occurs in refledting on this fub^ 

jedl, is, to conceive how it is poffible that 

' light 

• Res^d January 3. and February 7. 1752. 

Had the ingenious Author of this paper (who died Der 
ember 1753, at the age of 27) lived to put the foHhing han4 
to it, he would, probably, have added many things, and 
perhaps relrenched fome others, by which it- would have 
been rendered llill more deferving of the approbation of the 
public. lyfr. Mehill ufed to obfcive, that as, of all Sir 
Ifaac Ne^utoffs djfcoyeries, thofe relating to light and colounf 
were perhaps the moft curious ; it was fomewhat remark- 
able, that few, if any, of his followers had gpnp one ftep 
fceyon4 him on thefe fubjefts, or attempted to complect 
what he had left unfinitfied. Our Author, therefore, pro- 
pofed to have applie4 himfelf particularly to the further il- 
luftratioa of the theory of light and colours. The follow- 
ing effay i^ a fpecimen of what might have been expedled 
from him» apd iufficiendy ihews the uncom9ion gepiQS p.^ 
lu^gtlior- 
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light c^n move khro' light in all imaginable 
direcaions, without oipcafioning the lead 
perceivable confafion or deviation from its 
reftilinear courfe. Many haive been induced, 
from ithis confidefatldn, t6 believe it incor- 
poreal ; and all' who have thoroughly weigh- 
ed the difficulty, have feeri the neceffity of 
afcribing a fubtilily to it incomparably greater 
than we are led, by zny phammenaj to afcribe 
to any other fpecies" of bodies in Nature, 
There is no phyficat point in the vifible ho- 
rizon which does not fend rays to every other 
point; no ftar- in the heaven which does 
not fend rays, to every other ftar :* the whole 
horizon is filled with a- fphere of rays from 
eve^ry pointJnit ; and the whole vifible uni- 
verfe, with i fphere of rays from every ftar. 
In fliprt, for any thing ?viceknoWj there are 
fays of light jqiningcvery two phyfical points 
in the univerfe, and 'that inwrontrary diredi- 
ons 5 ex<:ppt where opaque bodies inter- 
Veen. 

2, Those who fiippofc that light is nothing 
elfe than vibrations or pulfes propagated 
thro' a fubtile elaftic medium from the vifible 
objed to the eye, may perhaps remove the 
^ifjiculty by afcribing a fpfficient minute? 
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nefs to the particles of that medium ; fince 
wc fee, by jexperience;, that found in the air,,\ 
^nd waves in the water, are conveyed in difr-^ 
ferent diredions, without fenfibly interfe- 
ring : but, as that hypothefis feems infup- 
portable on other accounts *, we muft endea-' 
VQur to accoipmodate our folution to the on-^ 
ly other conception we can frame of it ; 
nan^ely, that of particles ;gt(3:ually projedled 
from the luminous body. 

3. It is manifeft, that, tho' the mere fubr 
tility of the particles of light may tend to acr 
couijt for its eafy paffage, in all direftions/^ ^ ^ 
thro' denfe tranfparent bodies, it will not 
ferve to explain its eafy paffage thro' other • 
light equally fubtile : but, for this purpofe, 

it feems neceffary to fuppofe light incompa- ^ 
rably rare when at the denfeft 5 that is, that 
the femi-diameters of two of the neareft 
particles in the fjwie or in different rays, foon 
Sifter their emiflion, are incomparably lefs 
than their diftance. 

4. Let us confider a little the courfe of a 
particle of light from any of the remoter fix- 
ed 

* Newtpnt Princtpia, book 2. prop. 41* and 42, Sec alfo' 
fjenfjtott*^ Optics, query 28. 
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cd ftars to the human eye ; for inftance^ 
from the fmall one called the RiJer in the 
tail of the Great Bear : The particles by 
which we fee that ftar, have, in the firft 
place, paflcd thro' the fpace furrounding it, 
in: which there are probably feveral planets* 
revolving, and which muft be therefore fa 
filled with a fphere of rays from each of 
them that they may be vifible to an eye arty 
where fituated in thofe fpaces 5 after that, they 
have paffed laterally thro' the whole torrent 
of light flowing from the ftar of the fecond 
magnitude which we fee befide it 5 and laft- 
Jy,. they have paffed likeways acrofs the 
whole ocean of the falar light, and all that 
light with which the fpace fur rounding thef 
fun is filled from all the comets, planets, and 
fatellitesj and befjdes, in evefy phyfical point 
df their nunSefous journey from the Rider 
to our eye, they have puffed thro' rays of 
light flowing in all diredions from every fix- 
ed ftar in the vifible univerfe : and yet, du^ 
ting the whole, they have never juftled a-' 
gainft one particle of light ; otherways they 
Could not have arrived in their true diredioof 
to our eye. This refle<Sion cannot fail tor 
foggeft a general notion of the rarity and te- 
nuity 
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ftuity of light, farfurpaffing all the fuppo-* 
fiti6ns which are ufually made about it 

5. The chanc6 which gtny one body has 
to juftic with othen of like magnitude, i% 
leflened in proportion to the bulk of the bo« 
dies with f efpedt fo the fpace. in which they 
move. It muft be therefore fuppofed, as 
we mentioned above, thdtjthe. diftance of thei 
neareft particles^, flowing in the fame andt 
in different lines, rauft exceed thqir diame- 
ter, not indeed infinitely, but ai ntittiber of 
idmes utterly incorpparable with all our otdi-) 
nary numbers, in ordier that a partiple m^y 
efcape in one phyfical point of its pr ogrefs i 
but, that it may pafs freely on thro' the 
' whole diftance of the remot^ft fixed ftars, it 
is evident, that this proportion of excefo 
muft be multiplied by a number again incom- 
parable. But this excefs, fo increafed, muft 
be raifed to a power whofe exponent is a num- 
ber equal to the number of all the fixed ftars^: 
planets, and comets. And laftly, if there is an 
elaftic medium difFufed thro' the mundane 
fpace,* as the propagation of heat* and ma- 
ny other phanomena feem to infinuate 3 this- 
laft number muft be at leaft doubled, if w€J 

would 

•Newt. Opt. queries, fl</vfo^ 
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tvould exprefs the proportion in which the 
diftance of the neareft rays exceed the dia- 
meters of their jA /ticje^: aftd yet this di- 
ftance of the nearti^ rays, flowing from the 
fame cfefitci', is (6 ineomparably below our 
fmalleft meafures, that there is no poflibility 
of defining it. 

6. Had Eulef ctinfidered this extreme rd- 
rity, as well as tenuity of light, which muft 
be acknowledged by all who fuppofe that its 
particles ate aSually projcfted from the lucid 
body, iie would not have alledgedj that 
this opinion is inconfiflent with the freedom 
and perpetuity of the celeftial motions *- 

7,. Some have thought, that, if the parti-* 
cles of light repel one another, their mutual 
perturbation ttiay be prevented : but the 
contrary is manifeft upon the leaft refledtion j 
for tho*, by that means, the particles might 
be prevented from ftrijking, they muft in- 
ftantly turn one another from their redlilinear 
courfes, as fbpn as they come, in different 
direiftibns, withih the reach of their mutual 
powers. Thus, we find by experience, it is 
iropoflibje to make one ftream of air pene- 
trate another without confufion s for the twa 
ftreams either unite into a common one with 
Vol. II, .., . :..o, C m 

^ See his Nova thedria lucis et iioloram^ 
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an intermediate diredlioa, or produce .irregu-* 
lar eddies^ . ^ 

8* Here, by the bfye,^^w.e may fee that the 
ingenious iyftem oi J^ofconjicby the Roman 
Profeflpr, concerning the elements of mat- 
tei^*, whatever may be faid for it from other 
cohfiderations, gives us no affiftance iir com- 
prehending, the mutual penetration- of light; 
for indivifible points, endued with an infu- 
perablc repulfive power, reaching tq a finite? 
diftance, are as fubje<9: to interfere,, as. folid 
particles of a finite magnitude.^ 

SECT. 11 

On the Heating of Bodiis by Li^ht, 

9. It appears, by Sir Ifaac Newton s expe- 
riments on the inflexion of light, that bo- 
dies adl upon it at fome diftan^ce ; and that 
the fame power, varioufly exercifed in va- 
rious circumftances, is the caufe, likeways, 
of refradlion and reflexion. We know no 
inftance of any kind of attracflion or repul- 
fion in Nature which is not mutual ; we ob- 
fcrve likeways that bodies are heated by the 

influence of the fun's rays : it is therefore na- 

' ^ . " tural 

* See his DiiTert. de luxp^ine et de viribus viviss 
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tural to look upon thfs.as thi^eficfl: of the rc- 
adiion of light upon bodies, and that, at a 
diftance from th^m ; for, there is no reafon 
to think that light produces heat by actually 
ftriking the folid parts of bodies, after we 
are fatisfied that foodies produce the reflexion 
and'refradion of light, without fuf&ring it 
to Qpme into contadt with them. 

10^ From thefe principles it follows, that 
light, in paffing out'of one medium into an- 
other of different denfity, muft always pro- 
duce fomc degree erf" heat ; becaule it is part- 
ly refracted and reflc(3:edat the common fur- 
face:' fecpndly, that, in pafCng forwards 
thro' the: fansie homogeneous or perfedly 
tranfparent mediumy it can produce no heat ; 
becaufe jherb. is no-reflexion or refraction, 
no influence of the body upon the light, but 
every ray purfues its own right-lined courfe, 
as if it moved in a perfedl void *. 

II. Hence it appears, that, in water, 
glafs, an^ other traufpargnt mediums^ which 

are 



* Sir T/aac Newton ^ in the third book of hii Princifta^ 
where he difputes concerning Ae tails of comets, lays it 
down as an obvious principle, ^od radii folis non agitaat 
media ju^ ferptanattt, nift in reflexions et refra^ione* 

I 
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are warmed by the funis rays, the heat oiuft 
be propagated from thpir furfaoes toward^ 
their central parts *• 

.12. Hence likcways wp undcrftand why 
opaque bodies are fooner heated by the fun-r 
}>eaniis than tranfparent ones ; fince^^ there are 
innumerable reflexions and refradions within 
their fubftances, befides what happen in 
|X)mmQn with tranfparent bodies at their fu- 
perficial parts. As each colorific particle of 
an opaque body, by the reaftion of the par-^ 
tides of light, muft be fomewhat moved 
Wt^n the light fe refle<acd b^ackward and for- 
ward between the fame particles, it is mar 
iiifeft that they likeways muft be di-iven 
backsyard and forward with a vibratory mo- 
tion ; aiiji th^ time of a vibration will be pr 
qual to that which light takes in moving 
thro* ^ particle^ or from pne particle of ft 
t)ody to another adjoining. This diftancc ift 
pioft folid opaque bodies cannot be fuppofed 
greater than tttt^'^ oi an inch, whicJi 

fpace 

'^ I h^ve found, by repeated trials, that the heat of wa- 
fer ij} deep Jakes decreafes regularly from the farf^cc dpwi^- 
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(paxx a pJirtkle trf light dcfcribee in 

.v.. . ^ 1 .. ;.' ^ o'.Vo*'' of afocomd. With £o 
rapid a motion thercfbre may the ittten- 
nal part of bodies be agitated by. the influence 
of light, as to perfomn 2.5>o6o,ooo,aoc,ooo 
VihratioDS. or more in a fecond of time ! The 
arrival of different particles of light at l!he 
furface of the fame colorific; particle in the 
fanae or different rays, miay difturb the regu*- 
larity of their vibrations, but will evidently 
increafe their frequency, , or raife ftill mi^ 
puter vibrations .anoong tbe^parts which cbm^ 
pofc thefe particles ; by,which means the 
jnteiline motion becomes more fubtile ani 
thoroughly diffiifed. If the quantity of light 
admitted into the body bedncrftafed, the vi-r 
brations of the particles niuft likeways in^ 
preafe in magnitode and velocity 5 till, at laft, 
they may be fo violent as to make all the 
component particles daih one another tq 
pieces by their mutual fcoHifions : in which 
pafc, the coldur and textur-e of the body mull 
be deftrpyed. Thus may we form, from 
known principles, fome imperfed conce-: 
ption of the manner in which bodies are 
heated and burned by the adtion of light: 
l^pre than an imperfeil notion of thefe fe- 
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crctroperations of Nature Is hot to be expeft-r 
id;' Jfor thcjr . certainly depend, in great 
-meafiirc, upon laws and principles utterly qn- 
^owh to us, ' 

cij^^If one beam or ray of light, by paf- 
iing ftraight onwards thro' the fame pellucid 
fubftance, can communicate no heat to its 
internal parts ; neither will the greateft 
quantity of rays, tho' crowded into the nar- 
Toweft fpacc, by crofling one another. From 
liencc it follows, that the portion of air 
which lies in the focus of the moft potent 
fp^culum is not at all affedted by the paflage 
of light thro' it, but continues of the fame 
temperature with the ambient air- altho' 
4ny opaque body, or even any tranfparent 
l>ody denfer than air, wJien put in the fame 
plat?, would be intenfcly heated in an in- 
ftant, 

( . 14. This confequencej evidently flowing 
from the plaineft and moft certain principles, 
ibejppis not to have been rightly underftood 
by many phibfophers * : for which reafon, 

• See Boerhaave tltmtni, d^ecp. torn. i. on fire, cproll. 

.5: after cxper. 14. and coroll. i. and 7. after exper. 17. 

8f e alfo ^«/for/'^r/f s fjrflemof natural phildfophy, prop. 

366- 
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I thought it might be v^rth. while to fey 
ibmething in explication of it. The eaficft 
way to be fatisfied of the matter experimen- 
tally, is, to hold a hair or down immediatdy 
above the focus of a /ens or fpeculuniy or, ta 
blow a ftream of. fmoke from . a pipe hori-» 
?6ntally over it ; for, if the air in ih^foctd 
v^ere hotter than the furrounding fluid, it 
would continually afcend upon acx:ount of 
its rarefaction, and thereby fenfiWy agitate 
thefe flender bodies. Or a lens may be fo 
pljaced as to form its focus within a body of 
water or fome ofjfeer tranfparent fubftahce,, 
the heat of which can be examined from 
time to tinae with a thermometer : but care 
m.uft be taken in this experiment to hold the 
lens aa near as poflible to the tranfparent bo*^ 
dy 5 left the rays, by falling cloflcr than or- 
dinary on its furface, fhould warm it more 
than the common fun-beams- 

1 5. It is well known that the rays of lights 
by pafling obliquely thro' our atmofphere, 

are 



366. of the aftronomical: part; and Nolet lemons de fhjfiqtu^ 
tern. 4. The'filence of mo^ phyfical writers, con- 

cerning this paradoxical truth, makes it probable that thcjr 
were anacqaainted with i(*, 
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i^re inflcdled into a curve by the continued 
infradion ariikig from the continual increafe 
of its denfity j therefore they muft produce 
fome degree -of heat in eVefy part of their 
pi»ogrefs thro' it [K" lO.}. But, as the 
whole fuccefiive refradtion isjuft equal to 
the fingle refraiftion thgt would be made in 
pafCng at once from the celeftiat fpaces intd 
a medium as denfe as the loweft part of out' 
atmofphefe* and all the fucdelTive refle- 
xions that can be made from eoery different 
Jtratum, are but equal to what would hd 
tnade at once from the furface of a medium 
of the fame, denfity $ it eafily appears, by 
comparing the dcnfitics of air and water, and 
their refpedlive figns of refradion, that all 
the refradion and rellexbn which the whole 
depth of our atmofphere produces is much 
kfa than what happens at one furface ofwa-' 
ter J and confequently, the heat produced iri 
<?ur atmofphere, by the inuiediate adion of 
light upon it, muft likeways be much. lefs 
than what is raifed in water. The aif 
feems to have the greateft part of its heat 
communicated to it from the opaque vapours 

which 
• Nfwti Opt. book 24 part 2, prop. 10; 
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Which float in It and the general furfacc of 
iba and land to which it is contiguous; 



SECT- lit. 

Oh the Jiher^Uie- jiippear^mce (f jyropt of 
Water on the Leaves ^ Cole wort, 

1 6. It is cbmtiidin to admire the volubility 
and luftre of drops of rain that lie on the 
leav^es ai colewort and fome other vegetables j 
but no phiiofopher, as far as I know, has put 
himfelf to the trouble of explaining this cu- 
rious pbipemmemn. Upon infpc<9ing thefii nar* 
rowly, I find, that the luftre of the drop 
arifcs from a copious reflexbn of light from 
the flattened patt of its furface coirtiguous to 
the plant : I obferve further, fliat, when the 
drop foils along a part which has been 
wetted, it immedi&lely lofes all ks luftre^ 
the green plant being then ittxi clearly thro' 
it : whereas, in the other cafe, it is hardly to 
be difcerhed. 

17- From thefe two obfervations laid to^ 
gether, we may certainly conclude, That the 
drop does not really touch the plant when 
jt has the mercurial appearance, but hang? 

VoL.IL D in 
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in the air at fome diftance from it, by the 
force of a rcpulfive .power 5 for, there could 
not be any copious reflexion of white light 
from it$ under furface, unlefs there were a 
real interval l^etween it and the furface of the 
plant *^ [iS^^Tab. iii. Fig. 2.} 

18. If 

* iVw/. optics, query 29.. 

Let AB, Tab. iii. Fig, 4. reprefent the extremity of 
any repulfive bpdy immerfed in water, for inftance a (lice 
of cokmjort kaf, CL and- DM, the convex furfacfes of^ 
water immediately furrottiiding it, and CD perpendicular . 
to AB, the common tangent of thefe curves, which^ 
will be the continuation of the general furface of the water. 
The forces with which any two particles, E and F, are 
preffed by the water in the dire^ons EG, FH perpendicular 
to KB, are known to-be as KG and KH, and the repnliive. 
powers which balance them muft be in th6 fame proportion. 
If therefore the relation between the ordinate and dbfcifs in 
the curve DM could be any way found by experiment, the 
law of the repuliive power might be determined, upon fup« 
poiition that the particles are influenced by no force but the 
repulfive power of the line KB and the gravity of the fuper- 
incumbent fluid ; but their mutual attraflion, which- teiids tc 
le£en their lateral tendency, muil.be likeways taken into the 
account in order to an exafl determination. 

Before I leave this fubjedl of ato-aft'ion and repulfion, I 
beg leave to propofe to the Society, the fpontaneous motions 
of light bodies on the furfaces of fluids, as a' thing worthy of 
being inquired into ; for, tho' it be manifeft in general that 
they depend upon the different figures of the furface, it is far 
from being ap eafy matter to explain the particular cafes by 
Mechanical or hydtoflatical laws. The following account 

of 
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i S.. If that furface were perfedlly fmooth, 
the under furface of the drop would be fo 
like ways ; and would therefore (how an 
Jima^e of the illuminating body by reflexion, 

like 

of thjc fhanomena may be ufeful towards fach an enqqiry, 
Ca/e I , Suppofe a fluid which is atcradled to the fide of its 
containing veiTel, a|id confequentjiy is elevated, at the iides» 
into a concave furface: If a body be immerfed which ati- 
tra£ts the fluid, and is therefore furrounded likeways with a 
concave elevatiop of the fluid ; a3 foon as the two elevations 
begin to join, the body will move towards the fide of the 
yeflel with an accelerated motion. Ca/e 2, Suppofe a fluid 
which js formed into a convex furface, either by the repuU 
£ve power of the containing vefTel or cohefive force of its 
own partijcles : If a light body be immerfed which attrads 
the fluid ; as foon as its furrounding elevation begins to joia 
with the lateral depreflion of the fluid, it will begin to move 
towards the middle of the vefTel ; and, if it be brought by 
for,ce towards the fide, it will recede frpm it ag^in with aij 
accelerated motion. ^ 

in both the firfl and fccpnd cafes, if the attrafjing 
Ipody be held faft, and the whole fluid made eafily moveable 
with its containing veiTel, it will remoye to or from the at- 
tra£ling body in the fame manner as the attrafting body did 
with refpe^ to it ; / e, in the firfl cafe, the whole fluid will 
ipove fp that the attra^ing body may come to its edge } 
and in the fecond, fo that it may recede from it. Cafe 3. 
If, in a fluid which is attracted by the fides of its vefTel, a 
body be immerfed which repels the fluid, and is therefore 
furrounded with a ditch or convex depreflion of the fluid j as 
fpon as that depreflion begins to join the elevation of the 
gjjid at the |ides, it vyill recede towards the middle ; and, if 

forcibly 
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like a friece of polifhed filver : but, as it is 
confiderably rough and unequal, the under 
forface becomes rough likcways 5 and fo, by 

refleSing 



forcibly brought to the fide of the veffcl, will fly from it with 
an accelersted motion. Cafe 4. If, in a fluid which is formed 
into a convex farface at the fides, a repelling body be 191- 
Bierfed ; as foon as its depreffion begins to imite with the la- 
teral deprelTion of the fluid, it will move towards the fide 
with an accelerated motion. Jn thefe two laft cafes, the 
fame observation holds as with refpeA to the firfl: and 
Ibcood, w«. that the Tyhole Acrid wU move with correfpon- 
dent motions by the force of reaflion, if the repelling bod/ 
be held faft. Cafe 5^ If two bodies be imm^rfed in a fluid, 
which each of them attracts ; as foon as their elevations 
begin to join, they will rafli towards one another with equal 
forces and accelerated motion?, and contmue to adhere to- 
gether. Cafe 6. If two bodies be immerfed in a flni4 
Mrhich they repel j as foon as the two deprefllons that fur- 
round them begin to interfere, they will likeways rufli tq- 
gether with an accelerated motion. Cafe 7. If two bodies 
be immerfed in a fluid, the one of which attrads and the 
other repels it ; as foon as the deprefliop fnnounding the onq 
begins to join with the "elevation of the bther, they will mu- 
tually fly from each other. Laftly^ If a body be immerfed 
in a fluid which it attracts in one part and repels in another, 
it will approach to or recede frppi pthcr bodies and parts of 
the ^id, differently accovding to its ^cuatfon^ by the rule^ 
above laid down. 

The d jifcrent figures afcfibed to the furface of the water 
in thefe feveral pafes are plainly difcernible by the fight j 
if the experiments are made with capdle-light, they are dif- 
ijlipiihed by the (hadowy or laminous rings which they 
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^fleaing the light copioufty in difFcfent 
direiftions, affumes the refpkndcnt whit« 
colour of «npoU(hed filver. 

19. Attek it i$ thus proved by an optU 
cal argument that the drop is really not in 
contadt with the plant whic5h fopports it, We 
eafily conceive whenp6 its wonderful voln- 

< bility 

)pt(^e€t on the bottom of tb» vdTel, according ts they are 
ponv?x or coAcave. . - 

Some writers have been fo inattentive as to afcribe th«; 
motions in the iirft cafe to an immediate at(ra£iion betweea 
the fwimming body and the fide of the veffel. See ffeljbam's 
f^3ures. Before I h«l o(>feived this ftortli and fijfith c$,{^^\ 
I thought the phatnonuna might be all explained from this , 
principle, that the light bodies always . tend to the higheft 
iparts.ofthe water. It has been fuggefted to me by fome, 
that this tendency* combined with the gmater or lefler imt 
merfion of the bodies, opon ftccoant of the ring pf watet 
\yhich they elevate or deprefs, may produce all the different 
cafes: and by others, that the whole is explicable from the 
lingle principle of attraftion between the parts of water 
V^hich caufes two drops to ran into otie. - 1 believe it wHI 
be found, on due confideration, (hat none nf thefe account^ 
is fatisfa£lory : but there is no reafon to defpair of coming 
Xo the bottOf|) of thefe fhdsnmena ; fince other motions of 4 
like kind have been fnpcefsfulfj explained. Thus the ruta<f 
ning of a drop of oil towards the con^burfe of two glafs? 
planes apd the motion of a bubble on the furface of liquors, 
when the glafs is held obliquely towards that pdnt, where 
the glafs is incliiied to the liquor m.ljie iballeii angle, ATf 
eafily anderfiood from the diredUon of the compound fqrce 
^ith whi^h the drop and bubbly ^r^ a^< 



Digitized by VjOOQ IC 



09 ESSAYS AND OBSEJIVATIQNS 

bility arifes, and why it leaves no trad of 
CiQifture where it. rolls. 

20. From the. like reafoning, we may 
coftclude, Tbat^ when a fmooth needle is 
piade tp fwim, it does not any where touch 
^he water, but forms around it, by its repul- 
five power, a ditch or bed, whpfc concavity 
is mijch larger than the bulk of the needle. 
[See TAB.-iii. Figt 3,] And hence it is eafy to 
mxderftand how the needle fvy]ms upop a^uid 
lighter than itfelf j fince the quantity of 
water, difplaced by it, may be equal to the 
weight of the needle. Phanomena of this 
kind, inftcad of being reduced to hydrofta- 
tical principles, are commonly attributed tp 
the pi^re tenacity of water, and even ufed 
for meafuring its cohefive power. See Muff^^ 
cbenbroecky Element a Phyjices. 

21. This inftance fufnifhes us with a juft 
and nepeiTary pprredlion of the common hy-r 
dtoftatical law. That *^the whole fwimming 
" body is equal in weight to a quantity of 
*' the fluid whofe bulk is equal to that of 
•* the part immerfed i" for, to comprehend 
thisi as well as all ordinary cafes, it fhould 
bip faid more generally. That " the whole 
^^ weight of the fwimming body is equal to 
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^Mhc weight of the quantity of the fluid dif^ 
" placed by it, 

22. These Pbanomena appeared to um 
worthy of obfcrvation here : both becauife 
they fhew the fertility of optical principfes in 
leading to the knowledge of things othcr-^ 
ways^ inacceiiible 5 . and becaufe they exhibit 
a clear fpecimen of a repulfivc power> fimilar 
to that which yvt fuppofe neceflary for the 
reflexicHi of light frona the anterior KurfacQ 
of a dcnfer medium. Nor do I fee how it is 
poflible to account for the fufpenfioh of the 
drop in the air by comparative attraSicm*^ 
into which fome other appearances of re- 
pulfion have been, perhaps, not unfucccfs- 
fully, rcfolved *. 

SECT. IV. 

: On the Change which coloured Bodies under gp 
in different Lights. 

23. Sir Jfaac Newton has abundantly 
proved, by a variety of arguments, that the 
ordinary colours of natural bodies arifc folely 

from 

» Sob Jurtn OH <apiJkry Mra^iMf at the end diCotii 
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from the compounded colour of thoferays 
Ivhich they rcflcd: ; their colour being deDo- 
ftninalcd by the fpecies of thofe primitive rayS 
«^hich they rcAtGt in greateft plenty: but 
this. part of the Newtvnum dodxine will re^ 
cehre furdier confmnatiofi by examining the 
different colours which : the fame body 
ftfiiunes when illuoiinated bydi&rent lights^ 
and which may be called, in diflin^tion 
from the former, then: extraordinary colours. 
' ^4^ Bodies of all the principal colours^ 
^iz. red, yellow, green and blue, are very 
little altered when feeo by the fight of burning 
ipirits: but^ if falts be continually mixed 
with them during the. burning, differeni 
changes enfue. 

25- When fal airimon. potafh or aluni 
are infufed, the colour of .red bodies appears 
fomewhat faded and dirty : green and blue 
appear much the fame as in candle-light ; 
both being faint and hardly diftinguifhible : 
white and yellow are fcarcely at all affedted. 

26. When nitre or fca-fak are plentifully 
mixed with the burning fplrits, and th« 
whole is ftirred about brifkly ; the brighteft 
red bodies, feen by the light then emitted, 
are reduced to a dirty tawny brown, that 

feems 
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feetns to have nothing of rednefs in it 2 
green is transformed into another fort of 
brown, drily diftinguifhable from the former 
by a certain infclihation to a livid blive-co- 
lour; when nitt-e is nlixed with the fpirits^ 
one may ftill fee fome rerhsiins of a greenifti 
toloiii^, unlefs it be poiired in very plenti- 
fully : dark blue is hardly td be knowii 
from black, except that it appears the deeper , 
black df the twot light blue is changed 
into a very light brown of a peculiar kind : 
white aflurtles a livid yellowifti caft: and 
yellow alone appears Unaltered and ex^ 
tremely lumiftoust 'fhefe experiments I 
made with different forts of rich-coloured 
ix)di^s, as filks^ cloths and paints< Polifhed 
copper, which has contraded from the air a 
high-flaming colour, is reduced by the fam« 
light into the appearance df yellow brafs ; 
the faces and handft of fpei^ators appear 
like thofe of a dfead corpfe 5 and other mixed 
colours, whith have red or green in their, 
compdfition, undergo like changes. 

27. Having placed a parte-boatd with a 

circular hole in it between my eye ahd the 

flame of the fpirits, in order to diminifli 

and circumicribe my objed> I examined the 

VoLi Hi E cdnftitution 
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• 

conftitution of thefe diflferent lights with a', 
prifm, (holding the refra^Sing angle upwards) 
and found, that, in the iirft cafe [N° 25.], 
when fal ammon. alum or potafh fell inta 
the fpirits, all forts of rays 'were emitted, but 
not in equal quantities; the yellow being 
vaftly more copious than all the reft put 
together, and red nwre faint than the green 
and blue. 

28. In the light of fpirits mixed with nitre 
orfea-falt, I could ftill obferve fome blue^ 
thq' exceffively weak and diluted : with the 
latter, the green was equally faint ; but, 
with the former, pretty copious. But, when 
either of thefe falts were ufed, I could hardly 
fee anyveftige of the red at all, at leaft 
when they were poured in plentifully, and 
the fpirits conftantly agitated. At eVery 
little intermiffion indeed the red rays would 
fhow themfelves very manifeftly below the 
hole, and red bodies feen by that light re- 
fumed fomewhat of their ordinary colour : 
and it was very entertaining to obferve how 
both would evanifli again at once, as foon as 
the faking and ftirring were renewed. 

The proportion in which the^ bright 
yellow exceeds the other colours in this light. 
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-is ftill c more extraordinary than iii the 
former: infomuch that the hole feen thro* the 
prifm appears uniformly of this yellow, and as 
iJiftindtly terminated as thro' a, plain glafs ; ex- 
cept that there is adjoining to it on the upper 
-fide a very faint ftream': of green and blue. 
White bodies illuminated with it, appear alfo 
thro' the prifm perfe<ftly well defined 5 both 
which are very furprizing phenomena to thofe 
who have been accuftomed to the ufe of the 
prifm ih other heterogcSi^ous lights, where k 
never fails to throw confufion on the extre- 
mities of all vifible obje<a:s. 

29. Because the hole appears thro' the 
prifni quite circular and uniform in colour ; 
the bright yellow which prevails ib much 
over the other coloursi muft be of one de- 
termined degree of refrangibility J and the 
trafifition- from it to the fainter colour ad- 
joining, not gradual, but immediate. 

30. Upon examining foap- water- films in 
the fame light, 1 could only obferve lumi- 
nous bajnds feparated by dark ones ; the green 

. arid blue being too w«ak to affed: my eye in 
this view. It would be .needlefs labour to 
enter hete into a particular detail of the rea- 
sons of the different transformations -of co- 
loured 
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loured bodice, above related {N** 24, 25, and 
26.] i iince^ in general^ it is evident enough, 
that they are owing to the dif&rent compq- 
£tions of the lights with which they wer? 
illun^inated ; the experiments with the 
prifm; [N° 27, 28.] are of thenifelves a 
fufiicient cqmnicntary upon the reft, 

'' S E C T. V. 

\4^fnark m Eulb|i> Noya Theoria LuciS et 

Cplorum, 

.31* EuLER, in that treatifei (publifhed 
lately ^long with fomc other tracts, under 
the title ^iOpufct^la Mathematica) endeavours 
to amend the Huygenian hypothefis of vibra- 
tions, and fupport it againft the obje£tion8 
which made Newton and his followers rejed: 
it ; we (hall not enter here upon the difcuf* 
iion of that quedion $ as it would require 4 
difcourfe of confiderable length ; and the. 
father, that the Newtonian theory pf light 
and colours depends not on any particular 
jhyppthefis with refpeft to the intimate natures 
pf light (in like manner as hisfyftem of u^ 
Ijiverfal . grayitatiqn js independent of all hyr 

ppthefcs 
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^thcfes concerning the caufe of grjivity). 
|n his Optics, be lays down his dircoverie9 
fX fuU length, without ever inquiring whe- 
ther light confifb in vibrations propagated 
thro' a fluid or of particles projeded in 
ilraight lines from the luminous body : and, 
in his queries,, where he touches this matx 
tcr *, he feems to be more ppfitivc in rcje(3:r 
ing the hypothefis of vibrations, than in eftar 
bliihing any other. 

32. But Euler likeways advances a new nor 
tion with refped to the origin of colours inC 
ppaque bodies, which is intirelj inconfiftent 
with the principal part of Sir Ift$ac Newt&i% 
dodrin^. H^ fuppofes, that coloured bor 
dies rcfled the fun's incident w;hite light fjrom 
their anterior furface j but, that the particur 
lar fpecies of light, by which they appear 
coloured, is properly emitted by the parts of 
the body ; fpr inftance, he imagines that 
vermilion f^qpsnot appear red by a niore co- 
pious reflexioA of red than of gther incidenH; 
fays, but by the new emiffion of red . ray^ 
frona the particular yelqcity of vibratioi^^ 
which its elaftic parts are capable of concei- 
ving by the impplfe of the incident ligKt. 

33^ I? 

f Viwt. Opt. ^r, ^8, and 2^ 
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33. It is a fofficient refutation of this 
fyftem, ih^t no phanomena i^ove ox require 
its exiftence : whereas Newton s theory not 
only folves the phanomenay- but is dirciftly 
^rawa frpni a multitude of experiments. Ac- 
cording to Eukr^s hypothefis, a body of one 
colour, placed in homogeneoas light of an- 
lother, ought not to appear of the colour of 
the light, but of a middle one between that 
and its own natural colour 5 which is contra- 
ry to experience *. 

34. If it fhould be faid. That none of the 
incident light is capable of qualifying the 
body for emitting its proper colour, but rays 
of the fame colour: that which he calls 
ftcw light emitted will be, in his fcheme, 
TTiore properly incident light refleded. 

35. The chief or only faS which feems to 
have led him into that opinion, is, that there 
are many coloured bodies, fuch as metals, 
which are capable of receivings fine polifh ; 
and therefore of refleAing regularly the i- 
mages of other objects, and at the fame tinje 
Iretain their proper colour by which they are 
feep in all pofitions. That light by which 
wefee in thenathe images of other objeds, 

• ^ he 

9 JVkv/. Opt. book I , gart 2. prop*. ,10. / 
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he acknowledges to be incident light pro- 
perly refleSed ; hut the other, he fuppofes, is 
properly emitted from the colorific parts of. 
the body. But what neceflity is there of re- 
curring to this fuppofition, when we know, 
{Jrevioufly, that th6 component parts * of all 
opaque bodies are tranfparent -, that, from 
every tranfparent body, there is a double re- 
flexion ; part of the incident light being rc- 
flefted at the firft furface, and a part of what 
paiTes thro* the firft, refleded at the fecond ? 
and when we know, further, that very thin 
bodiesy (as foap-bubbles, Mufcony-ghCSy and 
air in a fradlure of glafs or ice, or between 
two lenfes) while they reflect fome rays of all 
colour from the firft furface, refled only 
particular colours at the fecond -f ? Do not 
thefeYafts lead us naturally to fuppofe the 
firft fort of light to be only a part of the in- 
cident light refleded from the firft furface 
of the body ; and the fecond, a part of what 
had paffed on, reflefted from the pofterioc 
furfaces of the fuperficial particles ? 



SECT, 



* Ne^f. Opt. book. 2. part 2. prop. 2. 
f ibid, book 2^. part 3. prop. i2r 
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SECT- VI. 

doncet-nifig the Catije of the different Refrangi^ 
bility of the Rays of Light ^. 

36. In brdfef to account for the different 
tefrahgibility of the difFcrently-coloured rays. 
Sir IJaac Newton f and fcvcra! of his follow- 
ers have fuppofcd, that their particles ^rc of 
different magnitudes or dchfities: but, if 
there be any analogy between gravity and the 
refradive power, it will produce equal per- 
pendicular velocities in all particles, whate^ 
ver their itiagnitudc Or denfity be ; and fo 
all forts of rays would be ftitl equally re^^ 
frangible* 

37. It ittthi therefore a morfe probable 
opinion, which others have advanced,* that 
the differently-coloured rays arc prqjedted 

with 

* Altho' the dodrine cont^ned in tKis fe^ion Jias bpen 
idready publifhed in the Philofophical Tranfadlions for 175 J, 
(vid. vol. xlviti. part i. p. 262, &c.) having been commani- 
cated to the Royal Society, by the Author, in a letter to^ 
the Reverend Dr. James Bradley D. D. F. R. S. ; yet it 
could not be omitted here, on account of its connexion with 
fome of the queries that follow ; beiidee thftt it contains ie« 
Teral illufbations not to be found in the TranfaCUcms. 

t l^evjti Opt. query 29* 
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ivith different velocities from the luminous 
body : the red, with the greateft ; violet^ 
with the leaft ; and the intermediate colours^ 
with interniediate degrees' of velocity : for^ 
upon this hypothefis, it is manifeft, thai 
they will be differently refradted in the prif- 
inatic order ; according to obfervatiort. Since^ 
according to Sir Ifaac Newfon\ doftrine of* 
refraftion now generally received, the velo- 
city of a ray, after entering any new mediunii 
is, to its former velocity, as the fine of inci-^ 
dence to the fine of refradtion * ; if all thcJ 
tolours move with equal fwiftiiefs in any one 
medium^ their velocity will neceffarily be- 
come unequal, upon entering a denfcr mediunti 
in the inverfe proportion of their feveral 
fines of refrangibllity : tho' we fuppofe^ 
therefore, the fun's rays to be emitted with 
one common velocity, it will follow that 
their velocities are unequal in air, glafs, wa- 
ter, or any tranfparent body, whofe refra-* 
aive denfity differs from that of the folar at- 
mofphere \. This confideration is fufficient 
to take off the appearance of improbability 
from our hypothefis. 
^ VoL.IL F 38. OW 



♦ Neivtoni Principia, lib. I. prop. ^ij. 
f See below, query 3. 
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38. On fuppofition that the different re- 
frangibility of the rays of light arifcs folely 
from their different velocities before inci- 
dence ; thefe velocities muft be, to one an- 
other, nearly as their fines of refraction, 

39. Sir Ifaac found their fines of refra- 
ftion from glafs into air, beginning from 
the extreme violet, to be * as 78, jj^^ jy^j 

77 h 77 h 77 h 77 h 77 y ^^ ^^^^ of in- 
cidence being 50 : from whence their fines 
of refradion out of air into glafs, begin- 
ning from the extreme red, and ending with 
the extreme violet, are found to be as •f' 
78000, 77873, 77797, 77^(^Z. 77496,' 
77330, 77220, 77000 ; the fine of incidence 
being 120120. ^ Thefe numbers, therefore, 
nearly exprefs the velocities in air, of the 
feveral rays, before their incidence %. 

40. Hence 

• -y<fw/. Opt. book I. prart 2. prop. 3. 

f The extreme fines are plainly reciprocal to the former ;? 
and thofe of intermediate colours are fourth proportionals 
to the fine in Sir Jfaac*^ experiment, 77 and 78, 

X The quantities which give the accurate proportion of 
the velocities, before incidence, muft be in a con ft ant ratio : 
the fines of refraftion, by which the above calculations are 
Aiade, Have this condition : but, it is otherways manifeft, 
that they give only a grofs approximation to the truth. 

From 
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40. Hence their velocities in any other 
medium^ may be found ; for, they are, to 

thefe. 

From what follows, perhaps, an exa6ter compntation might 
be made, if a proper mean angle of incidence were made 
ufe of, altho* the quantities in the canon are really not in a 
conilant ratio. 

Tab. iii. Jig, i. Let two rays, falling in the fame line of 
incidence IC, with different velocities, upon AB the furface 
of a denfer mediumy be refrafted into different lines CR, CV. 
Taking any line CP in the perpendicular to reprefent the to- 
tal aftion of the refrafting power on the lefs refrangible 
ray, and CE on the more refrangible : If, thro' D and E, 
parallels to IC be drawn, meeting the refracted rays in 
V, R and G ; it is plain, that C|l, pV will be, as their 
refpedlive velocities after refradlion \ and DR, EV, as their 
velocities before incidence. Since the whole acceleration 
which a given power produces in a body, Js, catiris paribus^ 
as the time in which it operates ; CP mud be to CE near- 
ly as the time which the fwifter ray takes to pafs thro' the 
refracting fpace, to that which the flower ray takes in paf- 
fing thro' the fame, inverfely , as their velocities befoVe inci« 
dence ; that is, as E V to DR : but CD is like ways to CE as 
DG to EV; therefore DR, EV and DG, are continued 
proportionals; therefore DR is to EV in the fubduglicate 
r(itio of DR to DG : but DR is to DG in a ratio compound- 
ed of PR to pC, and DC to DG, that is, in the com- 
pounded ratio of S, DCR to S, DRC and of S, DGC to 
S, DCG ; wherefore DR is to EV in the fubduplicate ra- 
tio of S, DCR X S, DGC to S, DCG X S, DRC; that 
is, ** The velocities before incidence are nearly in the diredb 
*' fubduplicate ratio of thefe fines and the reciprocal fub- 
<* duplicate ratio of the fines of the exceiles of the common 
*' angle of incidence above th? feverai angles of rcfra^on/* 
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thefe, as the fine of incidence to the fine of 
refradion, when a ray paffes from air into 
the given medium ^. 

41. While the differently-coloured raysf 
are fuppofed to move vs^ith one common ve- 
locity, any pulfes, excited in the ethereal 
niediu;hy muft overtake them at equal di- 
fiances ; and therefore thp intervals of rcr 
flexion and tranfmiffion, if they arife in thi? 
manner, as Sir Ifaac Newton conjedures, 
would be all equal : hut, if the red move 
fwiftcft, the violet floweft, and the interme- 
diate colours . with intermediate velocities j 
it is plain, that the fame pulfes mufl over- 
take the viobt foonefl, the othpr colours in 
their order, and, lafl of iall, the red 3 that 
is, the intervals pf the fits muil be leafl ir^ 
violet, and gradually greater in the prifma- 
tic order ; according to obfervation. 

42. As the proportion between thefe inter^ 
vals in red and violet can be affigned by ex- 
periment, and the .proportion pf their velo- 
cities in any medium likeways, by N° 40, i 
the velocity of the ethereal pulfes in any me- 
dium, and their diflance from one another, 
pay be thence computed by the following rule: 

f f Multiply 

, f Ni^t, PrinCip. llh, :?. prop, o. 
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f^ Multiply the produft under the velocities 
^' of the red and violet rays by the difference 
'* of the intervals of their fits 5 then divide 
^' by the difference of the two products 
•* which are formed by multiplying the in- 
*• terval of the fits in red by the velocity 
^* of the violet, and the interval of the fits 
^* in violet by the velocity of red :" the quo- 
tient (hall eif prefs the velocity of the ethereal 
pulfes *. 

43. The velocities of the red and violet 
in air, are, by the above, eftimation, as 78 
and,77*f'; and the intervals of their fits are, 
by experiment J, as 100 and 63 ; from 
whence, by the canon now laid down, the 
velocity of the ethereal pulfes is found to 
be, to that of red light, as 79763 to 78000, 

As 

? Let C denQte the celerity of the ethereal pulfes, V th^ 
yelocity of red light, and v that of violet, I and / the inr 
Nervals of ih^ir fits, and D the perpendicular diftance of twp 
fucceeding pulfes : it is plain, from the nature of the hypo- 
theiis, that I is to D as V to C-«-V, and again, D to i as 
C — v to v ; therefore, ex aqtto, 1 is to i as CV — Vt; tQ 
Ci?-— V*i/ : from which arifes the equation fZITx Vn; 

P= IXq;— iXY. 

f In the ccleflial medium they are lefs, [No 40.] but very 
nearly in the fame proportion. 

I Neyjt. Opt. book 2. p. i, obfervat, 14, 
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As light moves from the fun to us, by Dr. 
Bradley % lateft computation *, in 8^ 12", 
the pulfes of the ethereal fluid will be pro- 
pagated thro' the fame fpace in 8', i''. 

44. The diftance between the ethereal 
pulfes, is, to -f the interval of the fits in red, 
as the difference between the velocity, of the 
ethereal pulfes and that of red light is to the 
velocity of red light •, that interval, there- 
fore, is not much more than ^y^ of the in-*- 
tervaft of the fits in red, and therefore does 

not much exceed tttytt^ ^^^" "^^^ +• 

45. The velocity of the ethereal pulfes 
being determined, as above, from the inter- 
vals of the fits in the two extreme colours, 
as found by experiment, the intervals of the 
fits in the fix intermediate rays maybe calcu- 
lated from theory 3 for the interval in any one 
colour muft be, to that in red, as a produdl 
under the velocity of the given colour and 
the excefs of the velocity of the ethereal 
pulfes above that of red, is to a product 
under the velocity of red and the excefs of 

th(? 

* See Fames Abridg. tranfa6l. vol. vi. p, 157. 
f See note * to foregoing page. 

X See the table of the thicknefs of coloured plates in 
iievjt. Opt. part 2. book z. 
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the velocity of the ethereal pulfes above that 
of the given colour: but, even upon the fup^^ 
pofition of the truth of our theory, an exaft 
coincidence between calculation and experi- 
ment is not to be expected till the velocities 
of the rays be more accurately determined.* 

46. Upon the hypothefis of the different 
velocities of different colours, wemayunder- 
ftand, at leaft in general, whence it is, that 
the intervals of the fits may bear a propor- 
tion fome way related ^to the fpaces* occut 
pied by the feveral colours in the fpedrum % 
an analogy otherways very unaccountable I 
Since, from the velocities of the feveral rays 
upon which the intervals of the /everal fit$ 
depend, arife like ways their feveral degrees of 
refrangibility, which determine the fpacc 
occupied by each in the fpedrum. 

And thus likeways we may conceive, how 
the different rays are qualified to produce 
different fenfations in the mind : for, having 
different degrees of impulfiye force, they 
may caufe vibrations of different magnitude 
or velocity in the optic nerve 3 by which, 

according 

* Compare iv^w/. Opt. b. i. part 2. prop. 3. withb^ii. 
part 3. prop. 16th. 
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iiccording to the laws of our conftitution, thd 
ideas of different colours may be excited *; in 
like manner as the ideas of different tones 
arife from different vibration* of the air com- 
municated to the auditory-organ. It has 
been faid, That the different fenfations ex- 
fcited in the mind cannot arife from the dif- 
ferent force of the particles of light; fince the 
colour of homogeneal rays is not altered 
by pafSng thro' different media^ tho' theii? 
velocity be thereby always increafed or di^ 
ininifhed 'f-. But it ought to be confidered, 
that every ray, as it muft pafs at lafl thro' 
the humours of the eye in order to vifion, 
falls upon the retina with one given velocity^ 
Ivhatever number of reffa€kiohs it has pre-? 
Viouily undergone : for the Velocity of any 
ray in any one medium being, td its velocity in 
any other medium^ in a cdnftanft proportion, 
n)iz. the inverfe of the fines of incidence an^ 
refradion^ when a ray pafTes from the one' 
into the other ; it is manifefl, that each ray 
toufl have a certain determined velocity in 
any given medium^ which cannot be either 
increafed or diminifhed by making the ray 

. paft 

• Nrwtonh Optics, query 13. 

f Mi^cbenhroeck, Elementa Phyfices, § ii6f.* 
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Jiafs preirioufly thrd* any number of tranfpa-* 
rent bodies any how difpdfcd*. 

It is impoffible therefore to know, whe- 
ther ah alteration b( the fwiftnefs, with 
iyhich a homogeneal ray ftrikes the retina^ 
would alter its colour i I mean the fcrifation 
of colour produced by it in the mind : fined 
it is impoffible to alter, at pledfure, the 
denfity <if that flyid which determines its 
final velocity 1^ 

One toay diiiinguifh tVro different tffefks 
of the refradive power oh the rays of lights 
viz. the changft of- direSion ah^ chslnge of 
velocity. Sir IfdAc Nhwitm has proved' with 
refpefl: to the firfti That it is different ih the 
difFerentlyi-colburcd rays, irid of a determined 
degree in each 1 he has further proved ^ That 
refradion, confidei^ed in its firft effefit^ does 
hot change the cdlouf of ^ny flniple ray* 
But it appears, from what we hslve now faid^ 
That norie of his experifiients prove thd 
Vol. 1L G immutability 

• Hcfc it is ptdpcr to obfer^e, tli« (tie hypothejis which 
fdppofes the' inter vals of the fits to.be determined by the ve<« 
locity of the rgjr, agi«es well with a remarkable obfervatioii 
6f Sir Ifitac Nekton (Optics, b. ii. part, is obfe^v^ 21,) i 
ntisc. . That the& intei-t^ald in tflSy medium, at a given ahg]e of 
incidence, are of a given magnitude, without regard to th# ' 
dtnfity of the funonndilig nudium* 
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iinmutability of fimple rays by the fecond 
cfFedts of refra<ftion. 

. 47. As it is of great confequence in philo- 
fophy to diftinguiih between fads and hypo- 
thcfes, however plaufible ; it ought to be ob- 
ferved, that the various refraagibility, rcftcxi- 
bility, and inflexibility of the feveral- colours^ 
and their alternate difpbfit^ons at equal inter- 
vals to be refle<fted and tranfmitt6d, ^liicb 
are the whole ground-work of the Newto^ 
nian fyftem, are to be confidered as certain 
fadts deduced from experiment : but whether 
the velocities of the different rays are exactly 
equal, or different in t}ie manner now dc- 
fcribed, is no more than probable tx)njedture^ 
and, thoVthis point (hould be decided by a 
method propofed afterwards, it would flill 
continue uncertain, whether the' fits of re- 
flexion and tranfmiflion are occafioned* by an 
alternate acceleration and retardation of the 
motion of light, or in fome other manner *• 

And, 

* Forinftande, k might be fuppofcd, tbat every particle 
of light has two contrary poles » like a load^ftone ; the out 
of which is attracted by the parts of bodies, and the other 
repelled ; and that, befides their uniform re£lilineal motion, 
the particles of differently-coloured rays revolve in different 
periods iQund. their center: for thas^ their friendly and un« 

friendly 
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And, after all, it is no more than probable 
conjedture, that fuch an alternate accelera- 
tion and retardation is brought about by the 
influence of pulfes excited in the ethereal 
medium: riay there are fome circumftances 
in thefe phanomena that feem hardly intelli- 
gible by that hypothefis alone ; as, why the 
intervals of the fits are lefs* in denfer 
mediums 5 and why they increafe fo faft and 
in fo intricate a proportion, according to the 
obliquity -f- of incidence. 

48* According to Dr. Bradlefs beautiful 
theory of the aberration of light, the ftars 
appear to be removed from their true placed 
to a certain diftance, by the proportion 
which the velocity of the earth bears to the 
velocity of light : It is plain therefore, that, 
on our hypothefis, a ftar muft have a diffe- 
rent apparent place for every different colour; 
that is, its apparent difk muft be extended 
by the aberration into a longitudinal form 
rcfembling the prifmatic fpedrum, having 

its 

friendly poles being alternately turned towar(]s the furfaces 
of bodies, they might be alternately difpofed to reflexion 
and tranfmifTion ; and that at different intervals* in pro- 
portion to tlie periods of their rotation/ 
• Ne'wi. Optics, b. 2. part 3. prop. 17. 
•j- Prop. 15. ibidem. 
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its red extremity neareft tq its true place, Ii\ 
t^v ftars fituated pc*r the pole of the ecli- 
ptic, its length (hould continue always the 
&me, tho' diredcd alpng all thp different 
fecoBdjiriee of the ecliptic in the cotirfe of 
a year : but^ in tbpfe <vhich lyp in or near 
the plape of thp ecliptic^ it fhould be 
gjreateft at the limits of the eaftetn and 
Wcfterii aberration^ 5 the ftar recovering its 
coflour and figure when the trup and mean 
places cpincide. But, there is no hope of 
^ifcovermg, whether our hypothefis be true 
pr falfe, by |:hi8 confequen^e pf it j foe tb0 
g^eateft Ipngth pf th^e dilated diik, being, tq 
the whole abprratipn, as thp difference of 
the velocity of red and ^ violet to the meaii 
velocity pf light, /, e. as j to yf nearly^ 
(N° 3*9.) cannpt much exceed one fourth 
part of a fecond 5 for the grfatcft aberration 
|s but aboi?t twpoty fcconds. 

49. The time which the extreme violet 
takes to move thro' any fpace muft be, to 
that which the red takes, as 78 to yy. If 
Jupiter he fuppqfed in a quadrate afpeA with 
the fan, in which cafe the eclipfes of his 
fatellites are moft cpmmodipufly obferyed, ^ 
Jijs djftapce from the earth being nearly pqual 
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to his diftance from the furi 5 light take? 
fibout forty one minutes of time in pailin^ 
from him to the earth : therefore the laft 
violet light which a fatellite reflefts, before its 
total immerfion into the (hadow of Jupiter^ 
ought to continue to afFedl the eye for a 77th 
part of 4 1^ or 32^', after the red refleded 
at the fame time is gone ; that is, A fatellite, 
liben frona the earth, ought to change , it9 
colour above half a jminute before its total 
immerfion from white to a livid greenifh 
pplour, thence into blue, and at laft evanifti 
in violet. I need fcarcely obfervc, that the 
fan^e pbanomenon ftiould takfb place in the 
time of emerfion, by a contrary fucceffioi^ 
of colours, beginning with red and ending in^ 
white. 

50. If this pbanomenon fliould be adually 
perceived by aftronomers, we fhall have a 
fufficient direft proof of the different velor 
pities of the coloured rays ; for I fee not tq 
what other caufe the phenomenon could be 
rationally afcribed: If it be not, we may 
ponclude that rays of all colours are em!tte4 
and reflcfted with one common velocity. 

a ^ c T, 
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SEC T. VII, 

On the ImperfeSlion of our Knowledge con-r 
cerning the Inflexions of Light. 

51. Sir Jfaac Newton, went a very confi- 
derable length in examining the inflexions of 
light, as well as its reflexions and refradtions j 
but did not bring his inquiry on this head to 
a conclufion. He tells us, that he intended 
once, if other bufincfs had not called him 
bff, to^have made more experiments; not for 
confirming himfelf in preconceived opinions, 
as many do ; but for difcovering the true 
manner in which light is inflefted, for prp* 
ducihg the coloured fringes with black lines 
between them. He adds, however, fome 
queries which contain hints of what he 
had gathered on this fubjedl from his owa 
obfervations, viz. that the rays of light differ 
{according to their colour in their degrees of 
flexibility, and that they are bent feveral 
times backwards and forwards with a Ter- 
pentine motion in pafling by the fliarp edges 
of bodies : thefe thoughts he threw out "in 
" order to incite others to a further fearch */• 

But, 

* Ne*wt, Opt. p. 313. fee the firft two or three queries. 
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JStut, fo far have his intentions been difap- 
pointed hitherto, that few phyfical writers 
feem to comprehend diftindly the hints 
which he has left concerning the manner of 
inflexions *; and none^ as far as I know, has 

advanced 

♦ When any opaque body is held at the difliance of three 
Or four inches from the eye, fo that a part of fome more 
Aidant luminous objed, fuch as the window or the flame of 
a candle, may be feen by rays paffing near its edge : If 
ittother opaque b6dy, hearer to the eye, be brought acrofr 
from the oppofite Tide ; the edge of the firft body will feem 
to fwell outwards and ineet the latter, and, in doing (b, will* 
kitefoept a portion of the luminous object tlrat was feen 
before, 

ThW phenomenon has been rafhly afcribed to the inflcjtiort 
of light, by fuch as underftood not thoroughly the nature of 
fnflexian, nor obferved accurately the circumftanCes of die 

ha. 

Let AB reprefent the luminous objeft (Tab. lii. Fig, j.f 
to which the fight is directed, CD the more diftant opaque 
body, GH the n^afer, and EF the diameter of the pupil ; 
join ED, FDs EG, FG, and prodiice them till they meet 
AB in K, N, M and L: It is plain, tfcit the parts AN, 
MB of the luminous dbjedl Cannot be feen. But, fakitig any 
point a between N and K, and drawing aDci; fince the 
portion </F of the pupil is filled with light flowing front 
tbat point, it muft be vifiblc : any point 6 between a 
and K muft fill /F a greater portionf of the pupil, and 
therefore muft appear brighter. Again, any point c betwcctf 
^ and K muft appear brighter than h, becaufe it fills a 
greater portion ^F with light. The point K itfclf, and ererf 
other point in the fpace KL, mull: appear with compleac 
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advanced one ftep beyond them. It is fut* 
prizing, that, before Sir Ifaac Newtbfiy th0 
t^rorld continued fo long entirely ignorant of 
the true theory of light and colours ; ind it 
js no leffe fo, that, fincc he quitted the fub^ 
Jfeft, no further difcovery of any moment has 
yet been made ainongft all the philofophical 
Societies in Europe^ v 

52% ManV 

laflre ; fincc tliqr fend entire pencils of rays EKF, ELF tqf 
the eye : and the vifible brightnefs of every point from L 
towards M mud decreafe gradoally as from K to N : f • a 
The fpaces KN. IM will appear as dim (hadowy borders of 
fringes adjacent to the edges of the opaque bodies. .Whcii 
tiie edge G is brought to touch the right line KF, the pe- 
numbra's unite ; and^ as foon as it reaches NDF, the abovc^ 
fbipnomenon begins : for it cannot pafs that right line «rithoiii 
meeting fome line oDd drawn from a point between N and 
iLf and, by intercepting all its rays that fell upon the pupil^ 
render it invifible. In advancing gradually to the line KD£» 
it VI ill meet oth^r lines ^D/, cD^, isrc, and therefore render 
the points h^ c, iSc. from N to K fucceflively invTfible i 
and therefore the edge of the fixed opaque body QD miift 
feem to fwell outwards, and cover the whole fpace NE, 
ivhile GH by its motion covers MI^« When GH is put to( 
a greater diftance from the ey^ , CD continuing fixed j the 
fpace OF to be paiTed over for intercepting NI^ is lefs ; and 
therefore, with an equal motion of GH, the apparent fwel<^ 
ling of CD muH be quicker ; which is found true by expe* 
ticnce If ML reprefents a luminoas objcdl, and REFQ^" 
any plane expofed to its light 1 the fpace f Qjvill be entirely 

fhadcdt 
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infinite ifeckight ind fef&oiir on tb*' Mc** 
k:(>n^k^ stn^' ^hotiMhthg pbamfki^'^^ 
NatuMj witbottt aarifJdg « ftfify cetfeiii' jM* 

thurtdtfi? ' aiid C3«ft«r liSeted^s, mttgtt^ifiMi 
blc&mky^ Vegefaltifcb/ • fcr«ii€HtiaitS6h' ^d^^ 
other clwuiical opferatkmsx ftnfdlhi^fubtiJ^ 
of thofo^rfaltefS^Wilt^^f^^abiy CdritinWe to 
elude the fearcih 6f tateft '^ftferkf. ' Btfti- i«l 
the fifii^lef, fteadWr,v "aftdciiiiofe regular cfub^ 
jeasi fuch as %bf att4' iototoir -^laAcI^ ^t* 
capable of accurate men fu ration and toathe-*^ 
matrcal reafonrng, a< fd^aei^ and iftduHri-' 
ou£i obfetver can h^filf faltc^ i$i^idg fbnii^ 
progfcfe'; cfpecially iii/ «l >brariehoof tfie^ iff*' 
quiry which k *'atee|idy -prnfl^d tb a. cofifidfei?- 
able length. Difcoveries of this kind arc 
feapable of a particular fort of proof which 
is very beautiful and convincing, frofn the 
exadt coincidence of the computed cfFeds 
Voii.m H with 

fhaded frdfii the Hys^ and the fpacc FE will be occupied 
by a penumbra gradually darker from E to F : Let now GH 
continue £xed, and CD more parallel to the plane EF t 
and, as foon as it is paiTes the line LF, it is evident, that the 
ihadow QF will feem to fwell outwards, and when CD 
reaches M£ fo as to cover with its iliadow the fpace RE^ 
QF by its extenfion will cover F£. This is found to hold 
true likeways by experiment. 
I 
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tmh Jih^ real ; oneSi aa,;. to quantity. : Many 
H>ftaBC?§\of this occur in Sir Ijdac ^New-'' 
ion's ^writings, and.inaUonathefziatical pbik>* 
fephyL:t-:)/*»€fe as the CAlculatioo pf th* 
IWQCaijS. irrpgularities ; of the tides ; of the 
prece^oR .of, |he equiaoxcs ; of;: th^: refi-: 
It^Qcerof liuid&i .and , in optics, his compu-^ 
tatiort;;of the dimenfions of the rainbow j 
Qf ^e'^beiyatioti of colours 5 of the inter-^ 
.yals of thp fits of reflexion, and tra'nfitiif- 
fieri J : >nd . of the coloured rings refleded 
by tljick tf aniparenfc^^c«/i*w5v . . 

WftAT 'further I have.. to offer concerning, 
Ughfrand Oobufs, confifting chiefly of doubts^ 
difficultieS::Of : loofp!ci?njfi(5lures, fliall bcr pro-^ 
pofed;undw the form of' queries. : ! 



S^E.CT.. 
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SECT. VIII. 



. 1 



( 



^erieSy conjifling of Doubt s^ Difficidiies,, and 

■ ConjeSiureSy concerning Light y CdkufSj, and 

coloured Bodies. ''• - --^ - - 

Query I. Are not the rays, emitted by 
all iforts of luminous bodies, fimilarto thofe 
of the* fun, both as to colour and degrees of 
refrangibility ? And, do not luminous bo- 
dies differ from one .another only according 
to the colours which they emit moflr plenti- 
fully, in like' manner as opaque bodies are? 
diftinguiflbed by the colours of incident light 
which they refleSt in greateft abtindanceS 
{See N"" 24^ 25> 26, 27, 28, and 29.^ - But, 
to make our induftion fufficiently ftrodg, 
ought not experiment to be made with the 
lights of a greater variety of bodies? And 
would it hot further conduce to the illuftfa- 
tibn of this queft ion to form,' by Sir Ifaac'^s 
method^, a beam of folar light, confifting 
of fuch colours and in fuch proportions as 
were fcen in the lights of falts and burning 
fpirits J and then to obferve in it the appear- 
ance ' 

f AW/. '€^1. hook u patt z» prop, lu ' 
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ance of cqloured bodies ? Further, are not 
the intervals of the fits, in rays of any one 
colour, the fame inriie^famc medium^ fron^ 
ivhateypr Jiin:itnous body- they arc emitted ? 
For, if thefe intervals wftre different, would 
there not be changes in the colpurs of bodies 
pot to be accounted for by the compofitipns of 
thp lights. ^ith which they.^ire ilbminated* ? 
QuEE. IL Do. not all luminow bodies, 
the napft languid as weJil as moft bright, emit 
thf^r lights of ^ny one colour with one de* 
tf ^fpinate velocity ; fince it is found by exr 
perienf erthat th^y are all equally refrafte<3 by 
th? ^me mfdium'? And therefore, doc^s not 
. the- diffcrient fplewdor of lurpinous bodies 
prpceed,iyJ}plly froti^ the different dcnfity of 
their light at equal diftances ? And is not 
thip confirmed by the equality of Bradley % 
aberration of light in -fix^ ftars of all nriag- 
pitudps-f ? If this |3^ifo, the comparative 
ilfength of different lights, fuch as of the 
fiin, mooq, a candle,- i^f. piay be eafily 
eftimated by jfinding the greateft diftances to 
which the fame opaque body is vifiblc when 
illuminated by each pf them, or the limits be^ 

. yond 

' ^ See Art. 

f £ameih AUi^^. pf trapfftflt. vol. ^, P- «5^ 
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yond whidbi -it' is mvifible to .a given ej'e | 
for tbc deafitiee. of the incident lights aw 
nearly as thefqiiaresof the diftances of thefit 
limits ff otn the objeft *. Doe's not all U^ 
move, with; the. &ai# velocity after reflexion, 
as befgre; iince the angle of reflexion is al- 
wi^i equal to the >ngle of incidence ? The 
px^ption, made by fome, of eleiftricai light 
)s founded on n<) lefs a oniilake than con- 
founding th^ luminous body with its light 'f. 
But, the beft proof of this propofition is from 
the coincidence of the coippuiations of the 
velocity of light, from the equation of thp 
cciipies oi ^ttpitfr^,% fatellites and thi? aber^ 
radon of the ftxed ftars %, 

QUER^ 

f Let A and a (Tab, iii. figt 6.) denote the fame or two 
equal bodies of the fame colqtir illuntinated v^hh different 
lights, and B, i, the limits. As we fuppofe the light it- 
ceived by the eye, at thefe poipts, is juft fafficient to affeft 
it fenfibly and no more, the two lights at thefe different di- 
ftances muft be nearly of tlie fame denfity \ uking therefore 
^in AB a line A/ii equal to ab^ tl>e density of the light at f^ moft 
be, to the denfity of the light at^, nearly as AB* to A^» ; 
and, it is evident, that thefe denfities, at equal diftanc«[8, 
muft be as the whole quantities of light reflefted ; and thefe 
;igain very nearly as the. whole quantities of light incident. 

f Mujchenhroeck"^ Elementa Phyfices, late edition, in hjs 
ch;|pter on eleftricity. 

X Eazwj'^ Tranfafl. vol. vi. &c. 
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; QuER. III. Ji light emitted with the falfiei 
velocity, in whatever medium the lumiiious 
body be placed ? Or, is it not rather emitted 
with greater velocity in denfer tnediumSy and 
that in proportion to theii^ r^fradive powers? 
The fame argument from whence wd 
gather in general the equal velocity of^ light 
emitted by allibrtSrof liinniifioiiis bodies, feechsl ^ 
to prove the truth of the latter fuppofition. 
For, fince rays of- any one colotir, from th« 
fun. and a candle, for inftance, are equally 
refiraded by: a-furface of glafs or water-, we 
may' conclud^y that their velocities in air are 
equal. Wherefore, if the denfity of the 
fun's atmofphere, contiguous to his Airface,- 
be-dif!erent from the denfity of our lowec 
airj^ as may be. fafely .prefunied, his rays- 
muft hay^ been emitted with more or lefe 
velocity than that of the candle j^ otherways, 
they could not have the fame velocity aftex- 
wards in any common medium ; fpr, the ve^ 
lociry with which any ray is emitted, is, by 
the laws of refraftion, to its velocity in any 
given medhim, is the fine of refradlion to thp 
fine of incidence, when ^ ray., paffes from 
* • , the 
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tke medium of ^emifliQpi intp. the g\^^ 
f^dium. '•.; -; " ;.7 i:.: ' ^ ' r-.r^. 

riQuER. IY4,Jrtbe.atmbfplitre-is not much 
wfermcd hf: tfec^ P?flag^ o£jtho fiaia's. Jighc 
thra* it, but chiafiftjr'by-ks c6rita(9; with the 
htOilted furface^faf cAc gldbc7:;a8 tve^Wei 
above (N° 15;)!^ may weaiiDt heac« givd 
one' very fipaple ':ahd ^laufiblc^ceafdni': wfe^ 
it is cpldeft rill': all climates xm the ^ taps oE 
very high liuMntainff • n^dsy^ *hecanre .thcfr 
atie /removed .'to tilt greateftrdiftance from thtt- 
general furface ofithe eartfe?>.:FDr:it,is welk) 
knfewn, th^ra fluid heated by; its coritadfc 
iFviih a folidihody decreafes^Iirt'h^t, tin fcanel 
in^er.fe; proportion to the difta'nce fcomi the: 
^ody. 3utj .tja;^ have this queftiba foKyodeHi? 
Icirmined, the.tehiperature lof the air in thei 
vjaliey and .o«i:the;piou'ntaifi-ft(p'p r&uft beoW 
ferved every f:ho^? both nigh^f and day,:an4 
carefully com|>aFj2dtogetberi:. J u 

.QuER. V. FiKOM what ha^ jb^e^n laid dpi^m 
in^ Seft ii.' coRopjaing theAi^^pner of_the^ 
aftipn 0:f light .if> hating feo^i^s, is k fiats 
reafonable to; fuppofe that |he :heat produced^ 
by a given number of ^rays,;_ in an opaque i 
body of a given magnitude, muft be greater 

when 
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when the i^ys^ are more incrmcd to on*' 
another, than when they are lefs fo ? For 
the diredliohof the vibrations, ^aifed'by 
tibie .a&bn of the light, whether in the 
colorific particles . or, tbo& of an inferior 
6nkr, will more iliterfere ^tbjone another j 
from whence the inteftine fliopks and collie 
fioii7 mail increafe:: befides this,, the coloriu 
fie particles of opaque Bodies being di£i 
|3ofed in yiiriatcr. filnations, perhaps, upon 
fht whole, the rays will fall more dircaij^ 
oaeach, the .more they are indined to one 
another. Is not thh the r eafon of what 4ia$ 
been remarked by philofoph«ts'*f. Thai 
die heat of the fuft's lights "collis^ed^nto d 
cone, increafes m approaching* the focas in d 
muth higher proportion tban^ according td 
Its denfity? That the ditf^rence of thd 
togle, in^ which thd rays fall on any partid^^ 
of a given magnitude placed at difiereta? 
diftances from the focus, is but fmall, isW 
probf that tht fh^mmmcmcinncA be aferibed^ 
to it 5 fince we know not in what high* 
proportion one or both the circumftances* 
now mentioned may operat*. However/ 

that 

• Boerhaofve^ Element, chemic. dc Jgne. 
f Msiffdenbr, Elcmenta PJiyfices, $ 104a- 
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ibat^ it proceeds not from any unknown 
ad-idn of the r^ys updn one inother^ " is had 
been iniiouated*, is 'evi4ent ftora this^ tbaj 
feach partieukr tayi a|tfer paffing thro' thdf 
focos^ jjceferves its owii colour and it* 
bwn dirccaioii, in thfc fame nwniier as .if it 
Were alone^ 

QuER. VL May it hot be inferred^ thaft 
the component part? of opaque bodiee an© 
greater than thofe of tranfparcnt oqes, aqf 
theory rcqiuircs -f*, from thi$;firiaplc obfcrva-i 
tion, that the former^^ fbcli ^9 metaU^ ftoao^i 
woods, .&^k^ when broken tranfYetfidLy,.ihe\* 
a viiibk . rdughtjefe . and iiiequaiity ati thd 
frafture j whereas the: latter,! fach its glafs^ 
fehryftal, gfem^,» iee^^^^:'. ap|^ai: ^fmootb^ 
almoft i as when they are polifbed ! - - ' '- 

QtJEfe.' Vli. Do libt 'Mwton\ticp6r\thtnti 
with the' idarid and roejs^bryftaj fu(li€ierft;ly 
prove^t that the rays of light have diififerfent 
permanent properties inthejr cfifferent Me^, 
relative <d thefe twobocfies? Muft we not 
therefor* conceive each particle of light to 
j)referve its pofitioh invariably while it moves 
forward, at leaft fo as not to revolve round 

VoL.IL I iw 



* Muffchitihroeckh felementa phyficcs, $ <0^Oi 
"f Newton's Opt. Book' 2/ part 3. prop^ 4* 
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Jfs center perpendicularly to the diredtion of 
its motion ? W6uld it rfbt be proper to try 
how light i& infleded in pafling clofely by 
the fev^at angles and fides of thefe foffik ? 

QvEVL. VIII. Is it not poffible to prove by 
ekperiment what Sir Jfaac Newton takes for 
granted aa a reafonable fuppofition,- that thia 
tranfparcnt plates, of anfy linifoFm colour, 
divided into -fmaller fragments', would com^ 
pofca powder of like colour*? And would 
BOt this tend to ftrengthen the analogy be- 
ttvecn the colours of fuch plates; and. thofe 
of fiafui-al bodies ? For this purpofe, I have 
tried to freeze foap-bubbles j but .could ne- 
yeE.'makeiaay: ftaiwi.till they were furncd tp 
ice, exc^ focb as'iV&re.too. thick to have 
lively colfiiirs :; however,. I doubt no^, but, 
with-due. cgre, the thing migl^ be done 3 
efpeciallyj) if the foap* water, inilead of be- 
ing blows'- with a pipe into bul?ybs,. were 
drdwn out into a plaia plate upon any vwooden 
or metalline frame t for, the fides of a plain 
furface- hearing a greater, proportion, to its 
area^ than a bafe of a fplierical fegment to 
its furface, the froft would be fooner com- 
municated 

Fmuton's Opt. book 2. part 3. prop, j;^ 
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municated'to the whole water in the former 
cafe than in the latter'; There is this advao- 
tage too in ufing a plain furface of foap- wa- 
ter, that, before it freezes, the obferver 
may draw out any particular colour or feries 
of colours, which he chufes, to a greater 
breadth, by ftroaking it along with a wet 
finger. For this reafon, amongft others, 
I haye found it a more convenient fubjeft for 
examining the various orders of colours, thaa 
fpherical bubbles adhering to a plane. Per- 
haps, melted rofin might be drawn out into 
a thin-coloured plate before it hardens 5 for 
I have often blown it into bubbles with a to- 
bacco-pipe till it became coloured. I know no 
other ways in which the various orders of co-** 
lours can bepreferyed for deliberate ihfpeftion, 
but either in a frozen plate of watpr or rofin, 
or in the permanent fcoria that appear on 
•heated metals. I have counted, on the fide 
of a clean-poli{hed copper tea-kettle, the 
fix firft prders of colours diftindlly and regu- 
larly ranged in the fame fucceflion in which 
they appear in the foap-bubblcs } the firft or- 
der being formed on that part of the kettle 
^hat had been leaft heated. 

QUER. 
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QiifeR. IX. What clfe is the iiiflcxibn of 
Jight towjirds the fine edges of bodies than a 
particular cafe of refradipn, in which the 
rays, after being bent, by the attraftive 
power, are carried .beyond the refradling 
furface, and mifs entring it, becaufc of its 
imall extent ? For, if the fufface of the 
pdge be produced, it will pnieet the inflefted 
rays ; and thus the inflexion will become 
properly refradion. And, in like manner, 
ive mi^y confider the inflexion of light oflF 
frooi the edges of bodies, as a fpecies of rer 
iPexion. 

QuER. X. Is it not impofllble that an ani- 
jnal can fee, if the diameter of itp eye be 
much lefs than the interval between the fit§ 
pf trapfroiflion and reflexion in water, thaf 
jp, than yjY^^ Pf an ipch ? 

QueR. XL There are many experiments 
Tivhich ihew that a yellowr and blue ray 
jnixed, make a green one; a yellow and 
blue powder, a green powder; and a mixture 
pf rays or paints of all the pr ifmatic colours, 
ji white ray or paint : Now, do not the fame 
jcxperiments equally demonftrate, that the 
jdea pf ^reen is a cpnfiifion or mixture of the 

ideas 
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Ideas of ycHow and blue ; thSe idea of 'white^ 
a mixture of the ideas of all the colours j :iind^ 
in general, the ideas of all compound colours^ 
a mixture of the ideas of their conftituents ? 
In the experiments which Sir Ifaac Newton 
performed with the toothed inflrument, the 
qomponeiit colours are not, indeed, prefented 
to the eye all at once ; yet they follow one 
another in fo rapid a fucceflion, that their 
refpeftive in>preflions ren^ain in the eye till 
th«y are renewed, and therefore they muft 
|afFe£t thp nqiind all ^t once *. If a piece of 

paper 

1* It is in this manner that philofophers explain [NewU 
(Opt. jQuer. i6.) the appearance of a fiery circle, which t9 
made by a burning body whirled about fwiftly. Wc fhall 
here give an accoqnt of |bine other phe^nomena that flow from 
khe fame principle. 

If a white rod be moved rapidly backwards ^nd forward^ 
with an angular motion, the whole prcular fpace which it 
jruns over will appear whitiflij bi4t not equally fo, being 
fainted and moft dilute in the middle, and brighter towards 
the two fides, which feem to be diftindtly terminated with 
two white rods interfe£ting each other in the center of ro- 
tation. (See Tap. iii. Fig 7.) 

The total impreifion made ppon th^ eye by equal fmall 
parts of the fedlpr muft be, as the quantity of light emitted 
from it and the frequency of the returns of the rod to it ; 
u e. inverfely^ as the time between the returns of the rod, 

■ '" ' \^i 
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paper be daubed all over with fmall dots of 
^luc and yellow, it will appear green to an eye 
ji^iiicbL is placed at too great a diilance to dit 
' fjtinguijQi 

Let ABC reprefent the circalar feflor, and £|C a line bi- 
fcding it ; the rod always returns to DC after the time of 
.of one vibration ; and, to any ot|iek- line EC between' DC) 
^d 4c or AB, the me^ fime of it^ return is the fame ; for 
iit alternately returns in twice the time of defcribing AE> 
and twice the time of defcribing EB ; fo that two fuc- 
iceedzng intervals of its returns are equal to the time of tvux 
:vihiations : but the intervals of the returns to the lines AC 
or CB are manifeflly equal to the time of two entire vibra- 
txonsi The brightnefs of the fedor therefore in DC, or any 
line between DC and AB or BC, muft be iimply as the quaa« " 
tity of light emitted from equal fmall portions of the fedlor ; 
that is, in the inverfe proportion of the velocities of the rod 
ivhen in thefe lines. It is plain from this, that the fedor 
muft be iitcomparahlj brighter in AC and BC, where it refls, 
than any where eife, notwithftanding that the intervals of 
return thither are double; that is, it will appear to be 
bounded dillin£lly with a white rod on each fide. 

if the rod be agitated with fm^U and quick vibrations of 
its own, by flicking it againft fome folid body immediately 
before it is hurried backwards and forwards with rte angular 
motion, the fedlor appears divided, at equal intervals, by ^ 
great many diflindt rods, almoft as bright as the two lateral 
Jones (Tab. iii. Fig, 8.) refembling the fpokes of a fpread fan. 
The reafon of which cprious phanomencn is plainly this ; that 
its angular motion, being alternately in the fame and in a 
contrary direction to its particular vibrations, is alternately 
a|ccelerated and retarded or llopt. ' In the interval, where it is 
.^celeratcdy the fe£tor muft appear very dilute i and, wherei 

it 
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flinguifli the fcpar^e: paints. In whaJsVer 
manner fchfation be jperformed,: it is <^mkq 
that the orgaoiis which receivb the firft^iim? 
pulfc from 6xtemrf objects cannbt' convey ta' 
us )any ideas, if they, or the:imprdfit)nsribi»iy 
by them, be lefd than of ^xehain flefiivitg 
magnitude. Anumber af^ifeitxgk fepii«tfeiy 
intangible, if joined together, AXi^f be fdt 15^ 
the totichv-iA^cflittairt numbiff of invffibW 
points become fufficient to affcft the fight 
by their united rays ; and i certain number 
6£ founds too fmall to be.h^e'^rd;fepa|ratelya# 
kft forai aa audible found f^^ • - ^ 

it is greiatiy retarded or brought to TtHi irftuft appear verjr 
luminous or dividend by' w^»*c "^^^^^ ^^^ thelame reafon £b^ 
they appear at the Mes. ^ ^ ^ .^ 

* Some' SccjJtte have difputed agfurift the citdldfs Aiifi^ 
tility of qoan^ityft beqaufe the irngginatioa foon arriveliiat^'i 
niinimum \ alledgin^ frpin thence^ ihat pujrijdea of exteafisn 
involves the nodoa of iiidmfible$, . and is as it vi»em.coiii<> 
poanded of them, ^^JJothiiig corporeal, c^nj be imagined or 
conceived at ^11 which ia not conceived s^^-Jeen, bmdlH^- xm 
cthcfwayar fenfil?^ percejved. Imaginative ideas ar0, not&mg 
clfe than trafifcripts or iprages of fenfations,. and th^rtafora 
inuft be limited by the /amc bounds andin the fame tnafHieit 
a.s fenfation. Now the mnimum fenJUaie '^ rather, in all <:;a(ci9 
ts. confufed, indiftinft an4 pncertain^itraarition froro.'.^^ 
€ei'uahle to nat. pereeUuabUf than the clear perceptipil Ma 
point; indivifible in qtagnitade ; for its ^magnitude depends 

OIK 
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QjiER. XIL SifiiCE bodies derive thoiir 
0obur$ from the original and immutafals 
^ualitks of th6fe rays whicb they rcflcA 
inoft copiouliy^^ ought they not to appear of 
the fame colour^, whether viewed at. the 
gretfteft or.leaft. diftances? Whence is it 
therefore, that the planets whofe . fblid parts 
are probably cpvwed t¥ith..vejgetaUe9, and 
inuft therefore refleft a great iiiperiority. of 

. grceni 

Oh Ac luflrc oif the objeft. That nothing can be conceived 
^ imagined which is Ms than a certain bulk, is no more act 
argument againft the endlefs-divifibility of 4^uat)tity,.thaii. 
that nothing can be felt or feeii below that fize ; which, it is 
evident, from every magnifying glais and from every diffe- 
rent diilance of ap object, depends pOt at -all on the confti* 
totion of the tiling perceived, but on th^t of the percciver, olt 
the means and circomftances of his perceptipn. 

Nor, tho* it were granted thai the minimum tvifihiU is di- 
tts^ly'feen as an indiidfible point, woald it follow, that 
tiiridea of extenfion, revived by iight^- is made op of the 
ideas of indiviiibtes; for we receive the idea of extenfion 
liythat motion of the eye which ii neceflary to dire€^ its 
M^u-to.difFeren^ objef^s or parft of an objeft :. and, it i« 
well known, that the generation of quantky by nfiotion n 
; preferred by the beft writers, for this tcry reafon, that it 
necefiarily excludes the notion of indivifibles. It ihould be 
Remembered likeways, that a vifible object is not divided by 
the eiye into a number of contiguous minima <ifijtbilia ; for, to 
wlifatever mathemafical point in the objeft the eye is 'di- 
fefted, a minimum njifihtle may be fcen there' by means of a 
certain portion of the objeA immediaiely ftrrounding it. 
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green rays, appear almqft intirdy Whitjdt 
when viewed from tKe earth ? May not thja- 
be accounted for, in tlie^fatne mknnerias the^ 
change of dolour obfervable in earthly ob- 
je<a:s fecn thro' a great tra6l of the atmo- 
fphere? A mountain covered with the 
freflied verdure, at the diftance of twelv,e ot 
fifteen riiiles, looks -blijieifh 3 and at twenty 
or thirty, efpecially if the air bevthickenedi. 
degenerates- into a dim white, {ia thftt one. 
can hardly diftingxrifli it from the clouds that 
ikirt the horizon* . With refpe(9; to the pri- 
toary planets, it may, be like ways arifweredj; 
that perhaps, we iec :tfacm chiefly by light 
reflefted from the aif and vapoiirs* ibat fur.* 
round them. :: f ! i , / 

QuER. XIIL Why i9 it fd hard to diftin- 
giiifh green ; bodies from blaer;i3y "candle- 
light? ^ /\ - ' -^ . - 

QuFk. XIV. Wferooe procdedfr^tbe. bUie- 
nefs of the Iky ? Since it is ccftafn that no 
body affumcs any particakr colpur, but be- 
caufe it refleds one fort of . rays more abun-** 
dantly than the reft 5 and fince it. cannot be 
fuppofed that the conftitucnt .pai;ts of purei 
air arc grofs enough to feparate any colours 
of themfelves j muft we not conclude, with 
Vol. 11. K Sir 
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^ivlfdac Nmfon% that the violot and blue- 
making* raye are reflected more ahiiodantly 
than th& reft, by .iJie. finer vapours difFufec) 
thro' the atmofphere v whofc parts ^ are not 
brg enough to give dbem the, appearance of 
vifible- opaque clouds? Do not thofe who 
fay ^r that> the ethereal blue proceeds from 
the n^ixture <rf the fun's white light : refleft- 
ed fabtty by: the atmofphere with, the p^rfedfc 
blaokr^fs q£ the celeftial ipace behbd; re^ 
vive, without any necefiaty, the antient con-* 
fu&d notion, that all colours may be .formed 
by certain compoiitions ; of light and (hade .^ 
Althb* the atmofphere^reflcfts more bhie irays 
than -wifiat :go to the. formation of i perfect 
^ white, it is eafy to conceive how cblduxed 
bodies^ ittuminated by: it, inay not be : fenfi- 
bly tinfturcd: with . blue.. Let us fuppofe, 
that the atmofphere refledts -• more of blue 
rays than of the odier cofcufsy and .that ver- 
milion '>efie£l:s if <^f^^l^^ red rays incident 
upon ity .and ^ of. every* other colour j 
then, it is clear, that the red rays, reflcifted 
by the vermilion, will ftill exceed the blue 
pefleded by it, as ig exceeds i +^: fo 

that 

• Opt. book 2. part 3. prop. 7. 

+ Nature difplayed, vol. iv. And Mufchtn. Pbyf. J 140J* 
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that the purity of its red colour wilt not be 
fehfibly impaired. : But^ to (hew that, in 
proper circumftances, the blueifli colour of 
iky-light may be (ccn on ijodies illuminafced 
by it, as it is objeaed rfhould always hap- 
pen * ; expofe to the fun-beams, on a dear 
cloudiefs day, a (beet bf white paper, and 
place on it any opaque body 5 yoii will per- 
ceive that the fpace of the fbadowi which is 
illuminated only by the Iky, appears remark- 
ably blueifli, compared with the reft of the 
paper which receives the fun's direft rays. If 
i^ertain white and black paints mixed togelheti 
produce blue^ it is becaufe the black is not 
perfeft (had^, but a dark blue or purple -f* '^: 
Any mixture of whitenefs and true black 
can only formi a fainter white or grey, which 
has ho more affinity with blue than with red 
or any other colour, 

QuER, XV. Is not the opinion which Sir 
Jfaac Newton feems to have had 1), and, fince 
him, the generality of philofophers,' con-- 
cerning the caufe of the various colours re- * 

flefted 

• Mufcben. Phyf. § 1403. 

+ lbid. § 1 172. 

X Newt. Opt. book 2. part 3, prop, 7. 

P Opt. book 2. part 3. prop. 5. near the end. 
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fleded by the clouds at fun-rifing and fetting, 
Mable' tb gi^ieat difficuities ? For, why ihould 
the particles of the clouds becotoe, at that 
f)articular time and laever at any other, of 
foch niagnitude as to fcparate thefe colours ? 
And why are they rarely, if ever, feen tin-r 
dlured with blue and green, :a5 well as red, 
erangc and yellow ? Is it not more credi? 
ble that the feparation of rays is made in pafr 
fing thro' the hqrizontal atrnpfphere ? and 
that the clouds gnly refledl and tranfmit the . 
fun's light, as any half tranfparent Colourlefs 
body would dp in their place ? Fpr, fince the 
atmofphere, as was faid in the lafl query, 
reflects a greater quafitity of blu^ and yiolet 
rays than of the reft, the fun's light, tranf-? 
ipitt^d thrp' it, qught tp draw tqwafds yel* 
Ipw, orange, or red; efpecially when it 
paffes thro' the greateft trad: of air ; accord^ 
iligly, ?yery one muft have remarked^ that the 
fun's hoFi:?ontal light is fometimes fo deeply 
tindured, that pbje^s dir^dly jllumin^ted by 
it appear of a high prangs pr even red 3 ^t 
tjiat inftant, is it any wonder that the colour- 
Jefs clouds refieil the farne rays in a more 
bright and lively manner*? It is obfervablcj^ 
fhat the clouds do not conimonly alTume 
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their brighter dyes till the fun is fome mt^i- 
autes fet 5 and that they pafs from yellow to 
a flaming golden colour i and thence, by 
degrees, to red ; which turns deeper and 
deeper, tho' fainter, till the fun leaves them' 
altogether. Now, it is plain, that the clouds, 
^t that tim^, receive the fun's light thro' a 
much longer traft of air than we do at 
^he inftant of fetting, perhaps by the diffe- 
rence of a hundred miles or more ; as may be 
computed from their height or the duration 
of their colours. Is it not, therefore, na- 
tural to imagine, that, as the fun's light be-? 
comes always fomewhat yellowifli or orangq 
Ia pafling thro' the depth of the atmofphere 
' Jiorizontally, it ought to incline more and 
piore from orange towards red, by pafling 
thro' a fliill greater length, of air i fo that th^ 
clouds, according to their different altitude, 
may aflume all the variety of cplours, obfer- 
ved in theni at fun-rifing and fetting, by 
l^arely reflefting the fun's incident light as 
they rpceive it ? I ha.ve oftefi obferved with 
pleafure, when in Smt?^erlandj that the 
fnowy fummits of thp jilps turn more and 
more reddiih ^fter fun-fet, in the fame 
fl^^pfjer a? the clouds. What makes the 

fame 
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feme: colburs firiucH/more rich ^d copious 
m the cteuds^^^K dfieir fcmi-tranfparency joined 
wtthtthe obliquity of their fituation, 
• ^Dett&s it not gttatly confirm this expKca^ 
lion^itharthefe coidured cloiids immedisttely 
RcfUftie that dark leaden hue which they re* 
ccive from the (ky as fodn a& the fan's diredt 
rays ccafc to ftrike «J>on'She&i? For,- if 
their gaudy colours arofe, like thofe of the 
fbap-bubble, from the particular fize of their 
j^jirts, they would prcferve nearly the fame 
colours, tho* much fainter, when illumi-* 
hated mly by the atmofphere. About the 
time of fun-fet or a little after, the lower part 
of the fky, to fome diftance on each fide frbni 
the place of his fetting, feems to incline to 
a faint fea-green, by the mlxtiire of his 
tranfmitted beams, which are then yellowifh, 
with the ethereal blue : at greater diftances, 
this faint green gradually changes into a red* 
difh brown ; bccaufe the fun's rays, by 
paffing thro' more air, begin to incline to 
orange: and, on the oppofite fide of the 
hemifphere, the colour of the horizontal 
Iky inclines fenfibly^ to purple ; becaufe his 
tranfmitted light which mixes with the 
azure, by pafling thro' a ftill greater length 
- - of 
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©f. air,. becQiBfis' reddilh j^as me have: faid 
above, . 

' To imderfiand diftinSly why the faa's 
rays, by paflmg thro' a greater and greater 
quantity of air^ change hy. degrees from 
white.toyellow>. thence to orange, and laftly 
to red, we hare only to apply to the itmoi^ 
fphere, what Sk Ifaac fays :( Book I. of his 
Optics, part 2\ prop« lo.) c<mcerning the 
•colour of transparent liquors in- general. 

Is it not the: fame coloured light vof the 
tifing and fettmg^fun which ^tindufes the 
ciottds, that, being .thrown by:the refradtion 
of the atmofphere into the eartbs fhadow^' 
giv^cs. the moon fometimeSj in total eclipfe^ 
the obfcure reddi^ colour- c€ brick? >Aa 
the rays which^ pafs thro' the. greateft trad of 
air, become reddifh-j thofe which pafs thro* 
thi kaft, yellowifli 5 and the intermediate 
ones^ orange : the red mufl: converge fafteft 
into the fhadow*; after them, the orange $ 
and laftly, the yellow : fo, that the. whote 
fpace of the earth's ihadow, from the point 
of the cone to about femidiameters from 
the earth, being filled with a faint light, 
whofe colours verge always more to red 
in approaching the eartb; the colour of the 

moony 
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moon, in total eclipfes, muft needs vary like^ 
ways, according to her diftance from the 
earth at the time of obfervationj and, if I 
miftake not, be always more inclined to, rod 
at entering and leaving the (hadow, than in 
the middle. Let Aftronomers determme, 
whether the phanomena agree with this 
theory. It is not furprizing, that this re- 
fraded light is very faint and obfcure at thd 
diftance of the moon ; fiace its mean deniity • 
theje^ will be as much lefs^tlian the denfity of 
the lightof the fetting funj a$ the annular fpaoe 
©f the lower air thro' which it pafles, drawn 
into the m6on,*s horizontal parallax, is lefs than 
the area of a great circle of the earth drawn 
into four times the excefs of the horizontal 
refradion of the atriiofphere above the fanio 
parallax; that is perhitps as i to or more.- 
QuER. XVI. I have obferved, when at feai^ 
that, tho' I jprefled my body and head 
firmly to a corner of the cabin, fo as to bfe at 
reft in refpeft of every objedt about me, the 
different irregular motions of the ftiip, in 
rolling or pitching, were ftill difcernible by 
the fight : How is this fad to be reconciled 
to optical principles? Shall we conclude, 
that the eye, by the fudden motions of the 

vcffel. 
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Veflfel^ is rolled out of its due pofitioa? Or,* 
if it retains ia fixed fituation in the head, is 
the percciptioa of the (hip's motion owing to 
a vertigo in the brain, a deception of the 
imaginatioft t or' t^;what ofher.caufd ? 

QjTER, XVII. Has tiot gold been reduced^ 
by beatipg, to a degree of thicknefs littlo 
exceeding that which muft be afcribed to its 
cblorificr parts, accofciing to Sir ^aac New^ 
tons theory?; But, how cap itcoher? into a 
continuous leaf, fo/ a^: to le;iye. na vifible 
pores, unleft; there- hfe-oaahyoS its 'cQn\pO'^ 
rient particles contajhedJn its thickncfa? 
. Q$ER, XV1IL-Wm» one Ibbks ftedfaft-t 
ly ' at Sirius or any bright ftar hot much . elc** 
vated.aboVe therhdrizoni ifs coburifcems no6 
to be coriftantly white, but appears tiniSured,- 
at evefry. twinkling, : . alternately: with; red and 
blue : To ' what is ; this appeaWnte. owing ? 
Is not the reparation : of ! colours h^ the re*^ 
fradlioa of the atcnofphere too (mall to be 
perceived ? ; , 

QuER. XIX* Bodies become black by 
burning; becaufe' they are reduced* into' 
very fmall parts: but, whence is it, that 

VoL^IL L moft> 

• Wfw/4 Opt. B6ok ill. part a. prop, 7. 



Digitized by VjOOQ IC 



ff2 ESSAYS AHD OBSERVATIONS 

moft bodies, when further burned to aflicsy' 
afluihe a grey or whitifti colour ? 
• CiuER.XX. Since the eaufe of blaclcner& 
in bodies- is the fmatlnefs o£ their tranfparenr 
parts, which renders th^m incapable of re-^ 
flefting any colour j ho*r can black bodies, 
folid or fluid, be at the fame time opaque ?• 
Caii light be, finally ftifled by the refraftive 
powers ofthe particles alone? or, ought it not 
Either to mdke its way thro' the body, if 
fhere be no f eilexibn, without any fenfiblc^ 
lofs^ althij^'^ the feverd'r&ys might iffue it% 
various . dire&ions ? ^ And, may • it n6t be de- 
manded, m4ike manner, concerning all <*o- 
louped'xjpaqae: bodies, 'How all fom of light 
<an beitifled and ^pttwithin a body, wbofe 
kiternal ptstftiaire iittedtto rerflea: only <dne' or 
two colours, and tranfmit all the reft? 
^ QuER.XXi. If tJyeip^ts and porcf^ of 
pellucid bodies be- much lefs tban-the leaft 
interval between the . fits of reflexion and 
tranfmiffion 5 it is plain, that rays of light, 
entering a part or pore in a fit of tranfmiflion, 
will* not be refiedtcd at its hack fdrface : and 
thus it may be undcrftood, how all rays that 
crttcr the firft furface of a tranfparent body 
continue to be tranfmitted thra' its fubftance 

to 
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*a the greateft diftances, viz. if the rays^are 
«ilways put into a new fit of moji eafy tranfr- 
miiSion at entering every new pore or particle^ 
But i? aot that fuppofition contrary to what 
Sir Ifaac teaches elfcNvhere j That the fits of 
reflexion and; tranfinifiion continue to returqi 
at equal intervals, after a ray * has entered ^ 
traniparent body, and ar,e thus regularly pro- 
pagated to the greateft diftances*? And, if 
this be true, how can the rays be tranfmitted 
to any fenfible diflance, fim« they muft 
often arrive in fits of eafy reflexion at the 
common furfaces of pores and particles ? But, 
altho' it could be underfloqd by the dodrine 
of the fits in light why there is no reflexion 
from the interior parts ,of water and other 
pellucid mediums -|-, does not the reftilinear 
tranfmifllon of light thro'lhefe bodies in all 
directions, and confequently in all degrees of 
obliquity, to their internal parts, prove, that 
thefe parts, upon account of their minutenefs, 
lofe their powers oi refradlion as well as 
reflexion .^ And to what known property of 
Jight or bodies can this be attributed ? 

QUER, 

* Neivt, Opt. Book 11. part 2. prop. 13. 
f Ibi4. Bool; ii. part 3. prap. 4. 
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QuER. XXIL If the fits arc produced by 
ian alternate acceleration and retardation of 
the particles of light, fome of the particles, ' 
which are fwift enough to be tranfmitted at 
the firft forface of a tranfparent medium^ xnuft 
bvercome the refleding power more eafily 
than others 5 naniely, thofe that happen to 
be in their point of greateft celerity or 
neareft to it 2 Now, muft pot rays that are 
moving with different velocities be different- 
ly bent from their courfe, as we argued 
above with refpedt to fimple-coloured rays, 
by the fame refradlive power ? Why there- 
fore is not every beam of light, homogeneal 
pr heterogeneal, diffufed by reftadion into 
innumerable rays, aisrcordirig to the refpe- 
dive velocities with which they entered th6 
refrading furface ? Is it a fufficient ahfwer 
to this query^ That rays which are fartheft 
from their point of greateft fwiftneft will be 
jnoft bent in a diredion contrary to that^ of 
refradion, by the refieding power, and will 
therefore . ojily return to the diredion of 
fwifter rays by a greater degree of refradion ? 
^ QuER. XXIII. Sir Ijaac Newton juftly ar- 
gues, that light muft be refleded at a diftance 
ffbm bodies s becaufe the mo(l poUihed fqr-. 
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face, being extremely rough and uneven in 
refpeit of the particles of light, would di- 
fperfe them indifferently in all diredtions, if 
they rebounded from itbyftriking: But, 
will not the like difficulty ftill remain, viz. 
how light can be reflcdtcd or refradled regu- 
larly by the beft-poli(hcd furface, if the 
power of the body proceeds from an attra-* 
aion or repulfion belonging to each phyfical 
point ? It might be perhaps fuppofed, that 
the repulfive power produces reflexion at a 
diftance fo great, in refpecSt of the inequa- 
lities that are left in polifhed bodies, 'that the 
diredtion of force, refulting from their joint 
aftion, may be very nearly perpendicular to 
the general furface of the body ; and this 
might tend to account for the regular refle- 
xion from the anterfor furface of a dcnfer 
fnedium. But, will this fuppofition fuffice' 
for explaining the regularity of refradion, 
and of reflexion, from the poftcrior furface 
of a denfer medium : in both which cafes, 
the light muft iadlually enter the pores of the 
attradting body, and therefore approach 
much nearer to one inequality than another 1 
fince the pores, by which it enters, are cer^ 
(ainly much lefs than thofe inequalities ? la 

watef^ 
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wat?r ,and other tranfparcot liquors, this 
muft certainly be the cafe, if their globulajt 
particles touch one another, as is commonly 
CQ»cluded from thci^ incompare|fibiUty : for, 
aS a number of fpheres laid together leave no 
rcSilineajr paff^ges between tl^m, the tranf- 
mitted light muft pafs thro' the component 
particles 3, and therefore the pores, by which 
it enters, muft be much lefs thstn the whole 
bemifpherical furfaces of the particles whicK 
evidently conftitate the inequalities of the ge- 
neral furface of the liquor;*. - " , - 

QuER. XXIV. How does light preferve 
itsrcftiUnear courfe in. paffing thro' air, ather, 
and other elaftic fluids ? ^ Will not the diffi^ 
culty ftill continue, whatever fubtility or ra- 
rity is afcribed to thefe mediums ; fince the 
powers from whence their elafticity arifes,.. 
muft prevail thro' all the free fpaces that in- 
terveen their particles ? Muft we not, there- 
fore, fuppofe, that the rays of light are not 

fubjea 

♦ We arc'certain, that the inequalities of a craggy rock 
or roagk wall are much greater than the particles of air 
4jr .their diftance from one another, , by which their re- > 
puliive powers are probably terminated (Neiut. Princip.): 
Why is found, therefore, reflefted (6 regularly from fuch 
bodies, th&t the echo is faintly heard, except a( an angle of 
i^dd^ce equal to the angle of reflexio;^ I 
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ftibjc<ato tbefe 4:^pulfiv^B powers, tho' they 
pafs thro' the fpbere of their aSion ? Does 
not «hc refrad4on of light towards the per- 
pendicular, out of the celefllil fpaces 'into 
aif> even prove that it is attfaftcd by the par- 
ticles of air? Would it not be 'extravagant 
and Incongruous beyond meafure, to imagin* 
the Mber fo fiAtile, in rcfpeft of light, that^ 
tfao' it be driven out of the way by the ray)^ 
as air is by common* pr oje6tiles, it is liot ca- 
pable of retarding them fenfibly in their mo- 
tion from the mbft diftaftt fixed ftars to our 
cye^' Do not thefe and many other difficul- 
tly,^ m the phyfical-part of Optics, whofe 
fbiutlon is. fought for in vain from any prin- 
ctbles hitherto difcovered, (hiw *the ncccf- 
fity-of extending our views* and ihkrging 
OUT ftock of principles by' ftirthfet expem 
mental inquiry ?' Such objcdKbns ire not toi 
be confidered as demonftratibns of the falfc- 
hood of our prefent theory ; but as proofs 
of its narrownefs, * partiality and imperfe- 
4a:ion, - :• -■ - ^ 

Des Cartes, contenting himfelf with a 
fuperficial and inaccurate knowledge of the 
laws of impulfe, vainly ' dreamed, that he 
had got poiTeffion of the univerfal caufc 

froia 
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from whence all efFedls in Nature arfe deri-*^ 
ycd 5 wheOi in truth^ be Was unable to de- 
duce from them the fimpleft cafes of cdOiir 
fion. Many! in this age> xi^O; write and fpe- 
culate on phyfical fubjefts,^ feem to fall into 
a like error J while they eifiploy their whote 
jftudy in endeavouring, tp ;r<co«cile all phce^ 
rumena with the new principles difcovered by 
Sir Ifaac Newf^fi : and,^ when they find, to 
their mortification, that, this will ^ot always 
fucceed ; pbanonfena muft be difguifed, a)id 
Nature tortured, to hide their Jgnorao^e; 
From the la:5y naethod of phibfophizin^in 
the clofet^ among book$ aiid diagritm^^ there 
never arofe, there never will arifc, any diP* 
covery of confequence : Great inventors li- 
fiially under (land the extent of thciir owft 
principles too well, to leave much of the ap- 
plication of them to others. 

The difcovery of the difFer-ent refrangibi- 
lity of the rays, was an ineftinuble addition 
to natural knowledge > as it ferves, at once, 
for explaining innumerable pbanomena in Na- 
ture which flow from it as immediate and 
necefTary confeqiiences : and, if it fliall be 
demonftrated by the obfervation propofed in 
N^ 49. that the difFerently-coloured rays 

really 
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i^ally move with different velociti^, our 
theory of light will be ftill farther improved 5 - 
as the different refrangibility can be thence 
mechanically explained. . 

The whole fyflcm of Nature is one im- 
menfe :ferie5 of qaufes^ and effei£ts, whofe be- 
ginning and end are equally hid in the 
depths of infinity. Only a fmall, a very 
fmall portion of it, ^comes under our imme- 
diate obferyation; being expofed alike to 
the fight and other fenfes of all mankind. 
Almofl every phanomenon is, at once, the 
caufe -of manifold effedls 5 and one eflfedt, 
among many, of a fuperior caufe. The bu- 
finefs of Science is to extend our views, by 
unfolding the latent caufes which exifl in 
Nature 5 and thence explaining their mani- 
feft efFeds. The difcovery of one fuch 
real caufe, unknown before, if it be of ge- 
neral pr very extenfive influence, as that of 
univerfal gravity, is to be- eflpemed a great 
advancement of natural philofophy. To 
undervalue fuch a difcovery^ as feme have 
.done, becaufe the caufe of that caufe can- 
not yet be afligned, is highly abfurd : lince 
the fame objection mufl for ever ly againfl 
Vol. II. M -. all 
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allvcaufej xKctpt primary onesj whkh aro 
certmlj^removed^ beyond the reach of 
^Euman "inquiry. T h 9i*fiQp c r office, and 
higheft boaft of true philofophy, is, to 
bring us ftill nearer to die Deity, by lead^ 
ing us upwards, Aep by ftep, ia ihc migh-^ 
^7 fi^ ak of iNaturet 
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Art. V. 

jin eafy Method of computing the ParaUases 
oftbeMoon^l b y ■ ■■ 

TAB. IV. j%. I. I. If from ^, the 
c6nter of the fun, a right line © W be 
carried rounds always touching the earth's fur-^ 
face, this line will form a conical furface ; 
which, being cut, by a plane paffing throughi 
the center of the earth, at right angles to the 
line joining the centers of the fun and. earth, 
the fedlion, fo made^ is the dilk of the earth* 

2. The fame conical furface will cut off a 
circular portion of the mooii's fphere, wn es^ 
within which, any arches, intercepted by 
lines drawn from the center of the fun and ex- 
tended to the difk of the earth, will be nearly 
in the fame proportion to one another, as the 
refpedive diftances intercepted on the difk.. 

3. Hence, c being the center of the circular 
portion, wee the ecliptic 5 if the femidiameter 
of the difk be expreffed by the number of fe- 
conds in the. arch cw- ox c ezz, horizontal pa- 
rallax 

• November 6th, 175^4 
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rallax of the moon from the fun, every line 
drawn on the diflc will be expreffed by the fe- 
conds of its correfpbndent arch of the moon » 
iphere. 

4. Let C be the center of the difk, W E, 
NS, the projedtions of w ^. the ecliptic, and 
ns z circle of latitude ; W N E being the up- 
per or northern femicircle, and -W S E thd 
lower c^ fouthern. Let V be the place of a- 
ny given vertex on the dHk, and v the cor-» 
refpondent point in the moon's fphere ; VA, 

V B, perpendiculars to N S, W E, and v ay 

V b their correlative&w If the point v be the 
true place of the moon, /. e. if the vifible pla- 
ces of the fun and moon be the fame, then 
will VA be the par. Ion. ^ a®y and VB 
the par. kt. to a fpeftator at the point V otk 

\ the difk, or at the given vertex on the furface 
of the earth. For the par. Ion. D ^^ © is the 
difference of the vif. Ion. D ^ © obferved at 

V and C : but the vif. long. D ^ © obferved at 
C, is the fatne as if feen from A ; therefore 

gthe par. Ion. 3) ^ © is equal to the difference 
of the vif. Ion. ]) ^ © obferved at V and Ay 
which is equal to the arch 'va the meafure 
of V A. In like manner, V B may be proved 

to 
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to be the par. lat. D ^ ; the vif. lat. being 
the fame when obferved at B or C. 

5. In any other pofition of the moon, if itsf 
diftance from the pdint v exceeds not one de- 
gree, which It can never do in the time of art 
eclipfe ; the parallaxes, to a fped:ator at the' 
point V of the difk, will continue nearly the 
fame as before, without any fenfible alteration. 
Let /be the place of the moon, Idy If, perpen- 
diculars to c »j r^,. iandlety/, vdy be pro- 
duced till they meet in the point g", and let Id 
meet with vJf in the point t -, the vif. Ion. ^ 
a ©, will be nearly the fame at the points 
g and /. Therefore the vif. long D /^ 0, ob- 
ferved at V, is the angle under which the 
arch 'y^ is feen from that point. But the arch 
vg will be feen nearly under the fame angle 
from the points V and C ; and confequently it 
is the meafure of the vif. Ion. 1> a ©. But the 
true Ion. is dl-=.ag : therefore vg — ag = va 
is the par. Ion. D a &. Again, adzzlg = vif. 
lat. 2) ^ © ; and cdzifl= tr. lat. : therefore 
'vizzaczzad + dczzipzv.ht. T> a ®. 

6. Bu.T thefe parallaxes va, vb^ and the 
vif. Ion. and lat. vg^ vf, fuppofe the fpedlator 
at the point V on the dilk; whereas his 

true 
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true place is at the correfpondent point of 
the furface of the earth ; confequently, 
the vif. Ion. and lat. J a ©, vg^ vU 
muft be increafed in the ratio of the di- 
ilance of the point i) from the fpedtator's placed 
on the furface, to it» diftaUce from the point V 
on the difk. But, as the horizontal fcmidiame- 
terof the moon fliould like wife be increafed 
in the fame ratio, it will equally anfwer thet 
purpofe of finding the times and phafis of ant 
cclipfe, to let thefe continue unaltered, and to 
diminifh the fun's apparent femidiamctcr in 
the fame ratio. 

7. Let C P be the axis of the earth pro-» 
jefted on the difk, F M D the ellipfe inta 
which the parallel of the given place is pro-^ 
jefted, D F its greater axis, O M its leffer fe- 
miaxis, V G perpendicular to C O ; M Hy 
G K, perpendiculars to C W, and MI, G L, 
at right angles to C N ; and, for fhortening 
the rules, putCW, the femidiameter of the 
diik, or the horizontal parallel D ^ ©, equal 
to the radius of the tables of fines and tan-» 
gents. 

8. For computing the parallaxes VAy 
V B, it will be convenient firft to fuppofe the 
fun in the meridian, and the place of the ver- 

te:« 

■ '^* 
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tax at M 5 tbcn-to^ compute 4he variation of pa- 
mllaxes, for the-given time> - from noon. 

9. The meridian par. Ion. T> 4 © is MI or CH ; 
and the meridian par. lat. T> a Q) is MH or 
CI : for finding which the, requisites are, 

Cof! } ^^ ^^ ^^*' ^^ *^ P'^^^' - ^Tq be foand 

Cof ^ ®^ *® declination of the fnn, ^ |^ from the 

Cof S ^^ ^^^ ^ complement of the meridian angle, J . ' 

rx r. — S, lat, pi. X cof, decl. O S North 7 if the lat, C North. 

^ ^ ^ R~ ^ South S pi. be I South. 

• - - - ■ J 
OM— ^0^^ ^at. pi . X S, decl. O of a contr, fpec, to the decl. q. 

out-S^^-l of O C and O M, if they C the fame? c^. . 
C^=isam5areof ' i different ^ ^1*°"' 

Merid.par,lofa.l)^0=MI=HC=g^><^^'g^"^'^"g' 

'Eaft 7 f *. C^Summer 7 .^ , , ^ C Winter 7 folftice C North. 
Weft 5 ^'^"^**1 Winter 5*°'^^|Summer JifCMis^ ^ Sooth. 

N^ njnr TO— CMxS,mcrid.ang. C of a contr. 
Mend. par.lat.D«0=:Mtl^IC^ ^ 1 fpec. to CM. 

10. The variations fron> the merid. parallaxes 
for the given hour from noon, may be-conceived 
to be made up, each of two parts ; which are the 
|)rojeaions of MG and GV upon CW for the Ion. 
8jjd upon CN for the Jat, ; the former being HK, 
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K B J and the latter I L, L A. For finding which, 
befidcs the foregoing requifites, there is required- 

Verf. Sine } °^ '"^ ^^-S'?^ '''^*?" "*»"r 

,-^_ OM X verf. S, dcg. « noon ■ 
fAG j^— ^ 

' •^■,,_ Cof. lat. pi. X S, deg. tf noon 
GV ^ ■ , 



Variation of the Par. Lon. » ^ ©. 

ft t> — MGXcof . merid. an g. 

Weft? ^ ., r . . 5" vf J533^ K-r « n- 

JO _ GV X S, merid. ang. r Eaft AM* 
^d Part r .. ^ ^ Weft PM, 

Variation tf the VA:si.'LA.T.T> ^aO. 

ATj _ MGXS, merid. ang. CSoath ? ' , ,t r i 

ift Part = *— &. | ^^^^.^j^ j contrary to thedecl. q|^ 

, „ G V X cof. merid. ang, 
ad Part == < ^-- — ^ — r^ 

^ C South 7 , . . .. C>/!ec»>€V«ir. 

Forenoon I North; when the fun is m | ^ 5^ ,5^ ^ ra^* 

CNorth? . .V r • • 5" VP - K T « H- 
Afternoon ^ jouth 5 ^^^^^ *® ^^^ " '° 1 S ^ H? A TTl J^ , 

II. By 
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iii By art. 6* the part to be fabtcaftcd 
from the apparent feitiid. ©, muft bear die 
fame proportion to the whole, as the dw 
fiance of the vertex on the fiirface of th* 
earth fr6m its point on the diik/ to the di^ 
ftanceof the points V, ^; which is nearly 
the fame with the feniidiatneter of the 
moon's orbit, and xnay al ways-be fexprtflccl 
by a conftant- number, *viz. that of the ads 
of a degree equal to the^ radius of i circle^ 
The diftance of the vertex from its point on 
the difk may. be conceited to be; made up of 
two parts, pofkivej ot negative t the firft of 
which is the? perpendicular diftance of thd 
centre of thel given patalid ^circle from thd 
plane of the diikj the fecbrid part ii the per^ 
pciidiicular dlftanCOioE the -giveni rtxtesc hoax 
a plane pafling thro* the for^faiid feentti^, and 
parallel tOLthidiflc/' : : ^ l 



.ft I, .^ ^ S. lat. pL X S, dccl ^ Pof. 7 when the Uu jrf. 
lit i-ART 2.Neg.iand dccU are 



ofrrir::i':^,}sp.etics. 



< the fame ' 
X dUEerent . 



- „ _, Cof. kr. pi. X c6f; ded. o X co f^dleg.^^ noon 
id Part = -rn ^ ■ j^jj^ , ' 

Vol. II. N 12* IT 
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: ri;)- It would he ^afy, from the foregoing 
i^otes, to conftruft tabicsof the parallaxes, for 
any given lajcdtude* Soich. tahles would :bc 
fofficiently exa(3;, . if i cekulatcd fbr every 
third degree of the ftins longitude,- ^nd e-* 
^fy qitiaffef ©f an hour, fronci noon to 6 
boursi affiijping loooo for radius, or the ho- 
tiz. par. ^aQ). The ^uation^to be fubtra*- 
0ed frpm the apparent femid. needa only 
ber galciijated: for every, i^b degree of longi- 
tude, and (every half hour from* noon to 6 
hours, taking the nieaa iemid. ©.. : : . . 

13. If; ;th« given tin»e from noop be more 
than 6> hours, fobtrad it from 12 hours,, and 
tjib Ipn. © from 1 2 figns j and, Torthc. re-^ 
xaaining time and longitude, feek the intire 
paraJlaaer^andrthe eejoatlon for the femidl<0, 
cl^anging Its fign^ 

14. Such tables, tho'.jc6hftrii<acdjfbn'a^ 
particular latitude, may eafily^be made to 
ferve for any other lam?de. : For the^ varia- 
tions frbm'the meridian parallaxes are always 
proportional to the coflne of latitude. And 
the meridian parallax, whether of; Ion. or 
lat. is made up of the fum or difference of 
two parts ; the firft of which is proportional 
to the iine> the fecond to the coiine of lat. 

Thefc 
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Thcfe mo parts, for the tabular latitude arc 
found thus. Toihe giv€nlon.©.add6figQfi; 
aadrtake out the merid. parallax. anfwering 
(o each loagitudc.: Half the fum of thefe 
givss: the r;ijfl::part^. and half, thciir difference 
the 2d part,. to be added tathc firft when, the 
merid. par- for the givealon. © is greater than 
the oiihcr , and to be .ftibtra€ted .w ben. left. In 
like manpfer, ithe equation for thefeinidi 
confifts of t»rp partft ; the i ft of which js prpr 
pprtioi^altoith^ firx?) rth? 2dto^(!heiCofine.of 
lat. The ift part is the equatipn;f$r the givea 
Ion. 0, and 6 hours from noon ; and this 
fohtrdcSeA frdm th^.oqmition » {of ■ the, given 
lon.^.©. and hour frpmnobOi -^ifees the 
ad>pQrt.:r ' ' • ••' 4 \ ^ .\.. . \ 

,015 LTnz farae.Tulesr.wiU: ferve fojf^iinding 
the moon's parallax'es from^ fixt. ftir^or pla- 
net. If the feir(id;tl:of.che plao^t have no 
fenfible magnitude, there will be no place 
for the .corredlion mentipned Jn art, 6. ,-^But, 
as the ccquifitbs epuld f)bt be found from the 
common tables, if the ftar has lititude, it 
will. be convenient, firft, to fuppbfeit has 
none; and afterwards to apply^ prop<^r cor-r 
region. . Befides, the proceeding , in. thiB way 
will make the table9 already d^fcribed tp b^ 

of 
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of the ikme life as in fblar eclipfes, fubftku*.^ 
tmgtbclon/J^ forthe.lon.©, andj f6r:th<i 
Jiour from ' noon, the * eqaatorial diftahce : xaf 
the Aar & eciiptic placfe from the mtiriiUan^ 
fssnyeited into time at tfap common, rate, of 
15: degrees. to an. hour. :.,:...':. 

- 16. Iv the ftar have latitude^* tljen the 
true Ibn, and lat. P ^^ zre meafuredhytar*- 
^hes,^om the centet^f the moon, rrperpen- 
dicular to a circle of liititude, ^nd to a great 
circle at right' angles to it, both pai3ing thro- 
^bc ftir.' llenCe, . t c : / 

As radlti^ to cof. «ue lat. J>, fo tr. \ohi% 
^ ♦ to the fame projedied.. And," ! 

As cof. tr. Ion. ^ a* to radius, fo tan, 
tr. lat. D to the Tame projefted: .or, 
without any fcnfible error, (b tr. lat. ^ 
to the fame projc(9?ed. 

J7. Tq find the correction of the paralr 
laxcs for the latitude of a ftar: Jpt CW 
Y^g. 2.) be the pcliptic on the earth's fur- 
face, N its pole ; C N a circle of latitude 
thro' thjS ftar ; W its pole 5 V thp given ver- 
tex, CP, the lat. f ; WVA a great circle 
|bro' the irertex V, meeting with the. circle 

of 
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of latitude in A, • WD another great circle ( 
VB, V^, arches perpendicular to WC, WD» 
Then WA is a quadrant, and the fine of VA 
is the par. Ion. J ^ * , whether the ftar has 
latitude, or not : the fine of VB is the par. 
lat. if the ftar be in the ecUpticj : but, if it is 
in the circle WD, the par, lat. will be the 
fine of Yb j which may ije fbutid from thft 
parall^es of lorn arid lat. ghen for the ecli- 
ptic place of the: ftar : thus, 

SrwV == Cbi; VA:= V^J^ + pa^- lo°» ^ R— par. loa. , 

/. * .;'. ; ,s,wv 

i|irWt,:::ywil5i.]cWD,ifthelat#be ^^; 
8, Vi = par. lat. P «#s -? ^~~~ — 

1 8. Since the radius of the tables of fine* 
and tangents was all along tfdcen for the bo- 
riz. par. 5 4® o'"* » *^* patallaxes and; 
equation found maft he altered propor- 

EXAM- 
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Art. VI. 

AStlution g/'KeplcrV Problem^ by Matthew 
Stewart, Profejfbr jf Mathematics in the 
TJniverfiiy ^Edinburgh ** 

'^TP HO' the problem propofed by the cele- 
X brat'ed Kepler has been folved by fevc- 
r^l Mathematicians of great .note: yet, as 
this is of fconfidefable ufe in aftronomy, it iS 
hoped the following folutioh.mdy be agree- 
able to fdme y 'as it recj^uires a lefs degree, of ' 
knowledge in the more difficult parts of Ma-, 
thematics, than the other methods do# 

1> R O P. I. ^ab. V. Fig. i. 

Let there be a ftreight liile AB, and 
CD a portion of a curve ^vholly 
tdhCave towards AB, and draw AC, 
BD parallel to each other, meeting 
the curve v& C, D ; let C E, a taii- 
VoL. IL geiit 

* ^ December 4, 1755* 
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gent to the curve at C, meet BD 
in E ; join AD, AE, BC, and let 
AE meet the curve in F : the tri- 
angle ABC will be greater than the^ 
fedlor ACF, but lefs than the fe- 
ftor ACD., • : 

Join CD. BeCaufe AC, BE, are parallel, 
tb? triangles, ABC, ABC, will be equal; . 
but 'the triangle AEC is greater than the' 
feftqr 'ACFj therefore the triangle AB^ 
is greater" than the fedor ACF. Again, be-, 
caufe AC, BD, are parallel, the triangles,,' 
ABC, ADC, are equal : but the triangle 
ADQ is lefs than the feftor ACD j therefore 
the triangle ABC is lefs than the fedor ACD* 

I ,P R O P. n. Eg. 2. 

Let there- be a ciirve AEB, wholly 
concave towards the ftreight line 
'AB, and fet G, D, be two points in 
the line AB j draw DE to any point 
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E in the curve, and draw CF paral- 
lel to DE, meeting the curve in F j 
let EG, a tangent to the curve at E; 
meetCF m G, and join DF, DG, 
and let 0G meet the curve inH; 
let the point D be between the 
points, A, C : the ledtor ACE will 
be greater than the fedor ADI^, 
but lefs than the fe<ftor ADF ; and 
the fe<^or BCE will be greater thaa 
the . feftpr BDF, but lefs . than tjtie 

' - " .. . . ' 

Because the triangle DEC is greater than 

the feftpr EDH, let the feftbr ADE be added 
to both i and the fpac? ACE will be greater 
than the fedtor ADR; and, becaufe the tri- 
angle DEC is lefs than "the feaor EDF, let 
jHe feftor ADE he added to both ; and the fe- 
aor ACE will he lefs than th? fedor ADF. 

Again, becaufe the fedor ACE together 
with. the fe(aor,BCE, is equal to the fedlor 
^DF together with the feaor'BDF, and the 

fenaot 
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feaor ACE is lefs than the feftor ADF; 
therefore the fcdor BCB is greater than the 
feftpr BDF : and, becaufe the fcdor ACE to- 
gether wJth the fe(3:or BCE, is eqjual to the 
reSor ADH together with the feaor BDH, 
and the fedor ACE is greater thin the fedor 
ADH } therefore the fedor BCE wiil be lefs 
than the fedpr BPJf, 

t 

PROP. III. Pi^dB^. I, i5>;g:. 3. 

fjCt there be a given circle AEB, - ahd 
let D be a given point- within the 
circle ; and from D let' there be 
drawn DE, DF, to two given 
points, E, F, in the cii"cle : granting 
the quadrature of the circle, it is 
required to draw a line PG meetirig 
the arc FE in G ; fo. that the fe^or 
EDG may be to the fedtor GDF in 

. ^ given ratio, fuppofe that o£m to »^ 

Let C be the center of the circle, and joint 
CE;^ 9F i ^^^^ ^^ ^^> perpendicular to 
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CE, CF, meeting CE, CF itiH, K ; and let 
EL, FM, be tangents to the circle at the 
points, E, F. 

'Because the points, D,-E, F, are given, 
and the' circle is givien, the fedlor DEF will 
be given ; and; becaufe the.fedor EDG is to 
the fedlor "GDF in the given ratio ofm to ;;, 
thc5 feSors, EDG, GDF, will, eabh of thetn, 
be 'given in-iiiagnitude. In the tangent EL 
take' the point L towards F ; fo that, joining 
JHL, the triangle HEL may be equal to the 
feftorEDG': again, in the tangent FM take 
the point M towards E 5 fo that, joining KM, 
the triangle KFM will be equal to the fetftor, 
FDG : it is evident, the points, L, M, will be 
given. JoiifDL, DM, meeting the circle in 
N, O i the point* G will fall between the 
points, N,<5. For, becatifeEL, FMj arc 
tangents to the circle at E, F, the angles 
HEL, KFM, will be right; and therefore 
DH, EL, will be parallel : likeways DK, FM, 
will be parallel ; therefor? the triangles^ 
DEL, HEL, 'will be equal, and likeways the 
triangfcs, DFM,'KFM, will be equal : and 
therefore the triangle DEL will be equal to. 
{he fc<fl!pri)EG, and the triangle DFM equal 
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to the feaor DFGi therefore the fcaor DEG 
will be greater than the feftor DEN, and the 
fedor DFG greater than the fedor DFO^ 
th^fcfore the liqe.DG will fall between th§ 
lines, DN, DO } therefore the ppiiit Q yfxll 
fall between the points, N, p. . ; 

Again, Becaufe the points, L, M arq 
given, and the point D likeways given, thq 
feftors, DENj DPO, will be given ; and, bei? 
cz\i(k the fedtors, DEQ, DFG, are given, 
the ffdors, DNG, DOG, will be given 5 and 
iferefefore the fedor NDG will.be to the fe*i 
^or GDO in a given ratio, fuppofe that of 
f to f . The problem, therefon:, will be re-y 
4yced to this again. To divide the. fciftof 
NDO by the line DG, fo that the fedor 
NDG may be to the feftor GDO in the gi- 
ven ratio of ^ to q^ And thus, repeating the 
operation, the point G will be found within 
avery narrow limit. 

. N. B. The limit ON might have bee© 
found by taking in the tangents, EL, FM, 
the point li towards F, and the poin^ M to- 
wards E ; fo that, joining DL, DM, meeting 
the circle- in N, O, the triangle DEL would 
be equal ioihbk&QrJ^PGi: ^iti^e triangle 

DFM 
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13FM eqa^l to the feSor DFC: but the 
other way points out the method of cal-* 
emulation. 



P R OP. rV. Probl. 2. Fig, 4, 

Let there be a femicircle; whofe dk- 
metet -is AB and center G, and lec- 
P be a point in. the diameters 
granting the quadrature of the cir- 
cle, it is required to draw a Hne DE , 
meeting the ciixlei in E, fo that thci 
femicircle may be to the fecStoi'^ 
BDEina given ratid^ iiippofe that' 
of /> to q* 

Suppose the prohleni fol\?ed* Let th^ fe- 
micircle be to rfie fedor BCF as )> i6 to y j 
join DF } draw CG parallel to DF, meeting 
FG, a tangent to the ciircie at P, In G, and 
join DG meeting the citx:le in H ; let CO 
meet the circle in K, and join DK, FK, CH. 

Because the femicircle is to the fedor 
BDE as p to £, that is, ^& the femicircle to the 

fe<Stor 
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fcdtor BCF, the feaor BDE willbc equal tq 
the Scaov BCF : but the^ fefitor .BCF is: 
[Prop. 2.] greater than the fedlor BDK, but 
lefs than the fedtor BDH j therefore the fedtor 
BDE is greater than the fedtor BDK, and left 
than the feaor BDH j therefore' fKi^ Fine DE 
falls between the lines, DH, DK 5 and there- 
fore the point E falls between the points, H/s 
K. A^ain, becaufe the fcdlor BDE is equal 
to.thp feftor BCF,, and the fedtor BCK is 
common, to both, the fpace KCDEK will be 
cqiial fo thfe fedtor RCF ; and, becaufe the 
triangles, KCD, KCFi are eqikl; (feecaufe 
KC!,r DF, are parallel), therefore; rfiia feddr 
KDE i$ equal to the fpace KEFK ^ and^ be- 
caufe the triangles, ODK, GFJC^ ^re'cqud, 
taking the common fpace GHK fronx both, 
the fedtor KDH will be equal to the fpace 
KEFK together with the fpace GFHG; but 
the fedtpr KDE is equal to the fpace KEFK, 
therefore the fedtqr EDH is. equal to the . 
fpace GFHG. 

Because the femicirclc is to the fedtor 
BCF as j) to q, therefore the angle BCF i» : 
given, and -therefore the angle FCD is like- : 
waya given : and, in the triangle FCD, be- 
caufe the fides, CF, CD, are given, and like- 
ways 

m 
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ways the angle FGD, the angles CDF, 
CFD will be given; and therefore the 
ingles BCK, KCF will be given ; therefore 
the arcs BK, KF^re given: bccaufe FG is 
a tangent tp the circle at the point F, the 
angle CFG will be a right angle: and be- 
caufe the angld FCG is given, and likew^yS 
the fide CF given; the fides CG, CF will 
Ibe given i In the triangle GCD^ becaufe thd 
fides GCj CD ate given, and the angle GCD 
given, the angles CGDj CDG will be giveni 
and in the triangle GCH, becaufe the fides 
GC, CH and the angle CGH is given, thd 
angle GCH Will be given j and therefbre the! 
arc HK will be given : fttld becaufe the arc 
FK is givenj therefore the arc FH ip giverii 
Again, becaufe the arc FK is giVeii, the fed:or 
FCK will be givefl, and likeways the tri- 
angle FCJC given, !^tbcrefore the fpacc 
KEFk vvill be given ; and becaufe the 
triangles, GFC, GHC, are given, the fpacd 
GFCHG will be given j and be:Caufe fhe arc 
FH is given, the fedtor FCH will be given ; 
therefore the fpace GFHG will be given^ 

VoLi II. P proffi 
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From this, the following conJiru£iion may be 
Educed. 

CONSTRUCTION. 

In the femicircic take the point F, and 
let the arc AFB be to the arc BF 
as^ is to q\ join CF, DF, and draw 
CG parallel to DF, meeting FG, a 
tangent to the circle, at F in G j and 
the circle in K; join DG meeting the 
circle in H, and join FK, DK ; draw 
the line DE \^rop. 3.] meeting ther 
circle in E, lb that the fe^lor KDE 
may be to the fed:or EDH as the 
fpace KEFK to the fpace GFHG : 
the f'emicircle will be to the fedor 
BDE as^ is to ^. 

Because the fedor KDE is to the feftof 
EDH, as the fpace KEFK to the fpace 
GFHG ; the fedor EDH will be to the 
fedor KDH, as the fpace KEFK to the fum 
of the fpaces KEFK, GFHG : but, becaufc 

the 
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the triangles, GDK, GFK are equal, and the 
fpace GHK common to both, the fedtor KDH- 
will be equal to the fum of the fpaces KEFK, 
GFHG ; therefore the fedor KDE is equal 
to the fpace KEFK. And, becaufe the tri- 
angle KDC is equal to the triangle KFC, the 
fpace KCDE will be equal to the fe<ftor KCF; 
therefore (adding the fedor BCK to both) 
the feftor BDE will be equal to the fedtor 
BCF. Ag^in, becaufe the arq AFB is to the 
arc BF as/ is to y, the femicircle will be to 
the fedor BCF as / is to j' ; therefor^ the 
femicircle will be to the fcdlor BDE as p is 
toq. Q:_E. D, 

But, as this would require a good deal of 
trigonometrical calculation, the following 
method may be ufed ; which will give the 
point fought very nearly, when this problen^ 
is of ufe ip the planetary fyftem^ 



PROP. V. Probl- 3. Fig. 5, 

Let there be a femicircle whofe dia- 
meter is AB and centre C, and let 
D be a point in the diameter not 

very 
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very excentric ; granting the qua-? 
(drature of the circle, it is require4 
to draw a line, DE, meeting the 
circle in E, fo that the femicircle 
may be to the fedlor BDE in a 
given ratio, fuppofe that o£j> to q. 

Suppose the problem folved j and let the 
femicircle be to the fedtor BCF as p is to y ; 
join DF, and draw CG parallel to DP meet- 
ing FG a tangent to the circle at F in G j 
join DG, and let CG, DG meet the circle 
m H, K : join DH, FHj draw CM parallel 
to DH meeting HM a tangent to the circle 
at H in M J draw DL perpendicular to CH 
meeting CH in L j join j:.E, and let FN 
perpendipular to CH meet CH in N. 

Because the femicircle is to the feftor 
BDE asp i$ to g, that is, as "the femicircle to 
the fedor BCF, the {^aot BDE will be equal 
to tlie fe^or BCF : and becaufp the feitor 
BCH is common to both, the fpace HCDE 
will be equal tp the fedtor HCF ; but be- 
paufe CH, DF are parallel", the triangle 
VCH is equal to the triangle FCH •, there- 
fore 
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fprie the feftor EDH will be equal to the 
fpace contained by the arc HP and the chord 
FH. Again, bccawfc the fedor BDE is 
equal to the fedor BCF, and the fcdor BCF 
is [Prop. 2.] greater than the fedor BDH, 
and lefs than the fedor BDK, the fedor 
BDE will be greater than the fedor BDH, 
and lefs than the fedor BDK: therefore the 
point E is in the arc HK between the points 
H, K. [Let the arc HK be called the limi- 
ting arc]. Becaufe the point D is not very 
excentric, the limiting arc will be little. In 
the orbit of Mercury^ the moft excentric of 
all the planets, the limiting arc will be lefs 
than fixteen minutes in that' part of the orbit 
where it is greateft ; therefore EH may be 
confidered as cpinpding with the tangent to 
the circle at the point H ; and therefore the 
triangle ELH will be equal to the fedor 
EDH, that IS, equal to the fpace contained 
by the arc FH and the chord FH; therefore 
the. redangle LHE will be double of the 
fpace contained by the arc FH and the chord 
FH. Becaufe thp redaqgle contained by 
CH and the arc FH is double of the fedor 
CFH, and the redangle contained by CH, 
FISi is double of the triangle CFH; the 

fedaqgl? 
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redlangle contained by CH and the excefs of 
the arc FH above FN will be double of the 
fpace contained by the arc FH and the 
chord FHj therefore the rediangle LHE 
will be equal to the re^ngle contained by 
CH and the excefs of the arc FH above 
FN J therefore LH will be to HC as the 
excefs of the arc FH above FN to HE; 
but becaufe the" triangles DLH, CHM are 
fimilar, LH will be to HC as DL or FN 
to HM J therefore FN will be to HM as 
the excefs of the arc FH above FN to HE. 



From thist the following conftruSiion may b( 
deduced. 

CONSTRUCTION. 

Let the femicircle be to the fe^tor 
I BCF as ^ is to ^; join DF, draw 
CH parallel to DF meeting the 
circle in H ; join DH, draw CM 
parallel to DH meeting HM a 
tangent to the circle at H in M ; 
and let FN perpendicular to CH- 
meet CH in N J in the tangent 

HM 
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^ HM take HE towards F, fo that 
FN may be to HM as the excefs 
of the arc FH above FN to HE ; 
joinDE: the femicircle will be 
to the fedlor BDE as p is to q. 

Let DL, perpendicular to CH, meet CH 
in L ; join FH, LE. Let CH mqet FG, a 
tangent to the circle at F, in G ; join DO 
meeting the circle in K* 

Because the triangles DLH, CHM are 
fimilar, LH will be to HC as DL or FN to 
HM 5 that is, as the excefs of the arc FH 
aibove FN to HE : therefore the reftanglc 
LHE will be equal to the redtangle con- 
tained by HC and the excefs of the arc HP 
above FN ; but, becaufe the redlangle con- 
tained by CH and the arc HF is double of 
the fedor HCF, and the redangle contained 
by CH, FN is double of the triangle CFH ; 
therefore the redangle contained by CH and 
the excefs of the arc FH above FN will be 
double of the fpace contained by the arc 
FH and the chord FH 5 therefore the redt- 
angle LHE will be double of the fpace 
contained by the arc FH and the chord FH; 

and 
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tad therefore the triangle LHE will be eqpal 
to the fpace contained by the arc FH and 
the chord FH: but, becaufe DL, HE 
are parallel, the triangles DHE, LHE are 
equal ; therefore the triangle DHE is equal 
to the fpace contained by the arc FH and 
the chord FH t and, becaufe DF, CH are! 
parallel, the triangles CDH, CFH are equal ; 
therefore the fpace HCDE will be equal td 
the feftor CFH. Let the fedor BCH bd 
added to both, and the fedor BDE will bd 
equal to the fedlor BCF : but^ becaufe the: 
feftor BCF is greater than the fedor BDH 
and lefs than the fedor BDK, therefore thd 
fedlor BDE is greater than the fedtor HDlt 
and lefs than the fedor BDK, and therefore! 
DE falls between DH, DK : and, becaufe 
the point D is not very excentric, the limi- 
ting arc HK will be little; therefore the 
tangent HE may be confidered as coinciding 
with the arc HK : becaufe the fedor BDE 
IS equal to the fedor BCF, the femicircle 
will be to the fedor BDE as the femicircle 
to the fedor BCF : but the femicircle is to 
the fedor BCF as ^ is to ^ ; therefore the 
femicircle is to the fedor BDE as p is to qi 
Q:^E. D. 

^ Keplef 
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Kepkr fifft of all difcovercd that the pla** 
hets revolved in ellipfes round the fun {ilacM 
in one of the focty and that they defcribed 
<Equal areas in equal times round the fun; Let 
the ffemi-fellipfe, [F/g-. 6.] whofe greater axis 
is APj jocu$ S, and centre C, reprefent half 
the drbit ^i a planet 1-ound the fun in 8; and 
fuppofe the planet at the point R in its orbit j 
join SK : half the periodic time of the planet 
found the fun, is to the time the planet movea 
from A to ?, as the area of the femi-ellipfe 
to the area ASK j and therefdre to find thtJ 
^lace of th<$ planet at any given time, it i| 
heceflary to fifid the pofition of fhc right 
line SRj which (hall cut off the area ASlt 
proportional to the time, that is, To dratv thtf 
line SK fd that the area of the femi-ellipfe 
ixiay be to the area ASK, as half the periodic 
time of the planet round the fun to thtf 
given time. 

From K let fall feH perpendicular io AP^ 
meeting the femicircle defcribed «pon AP ini 
G, and join 8G : it is evident, from the na*- 
turc of the ellipfc and circle^ that the femi- 
circle is to the fedor ASfe as the femi-^ellipfe 
to the fedtor ASKj therefore the femicircle is 
to the fedor ASG as half the periodic time of 
VoL.IL Q tb< 
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the planet round the fun to the time the 
planet moves from A to K : the problem 
therefore is reduced to this, To draw the 
line SG meeting the femicircle in G, fo that 
the femicircle may be to the fedtor ASG as 
half the periodic time of the planet .round 
the fun to the given time. In the femicircle, 
take the arc AB, fo that the arc ABP may be 
to the arc AB as half the periodic time of the 
planet round the fun to the given time. Join 
CB ; the femicircle therefore will be to the 
fedlor ACB as half the periodic time of the 
planet round the fun to the given time, that 
is, as the femipircletothe fedorASG; there- 
fore the fedtors ACB> ASO, are equal y join 
CG. 

The angle ACB is called hy-KepUr the> 
mean anomaly, the angle ACG the anomaly 
of the.excentric, and the angle ASK the co- 
equate or true anomaly. The problem there- 
fore is reduced to this : The mean anomaly 
of a planet being given, to find the anomaly 
of the excentric and the coequate anomaly. 

PROP. 
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PROP. VI, Pkobl. IV. Fig. 6. 

Let AP be the greater axis of ^ pla- 
ner's orbit, S the focus the place 
of the fun, A the aphelion, • P the 
perihelion ; upon AP let the femi- 
circle ABP be defcribed ; let C be 
the center, and let the angle ACB' 
be the mean anomaly of the planet 
at aiiy given time : it is required 

' to iind the anotpaly of the excen- 
tric. 

. Join SB, and draw CD parallel to SB 
meeting the circle in D : join SD in.BD : 
take the arp DG, fo that the fine of the angle 
BCD may be to the tangent of the angle 
CDS, as the excefs of the arc BD above its 
fine to the arg DG; and join CG : the 
angle ACG will be nearly the anomaly, of the 
excentric. 

Join SG ; draw BE perpendicular to CD 
meeting CD in E, and draw CF parallel to 
SD meeting DF a tangent to the circle at D 
hiF. 

Because 
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Because BE is the fine of the angle 
BCD, diid PF the tangent of th? angl^ 
DCF, that is, of the angle SDCi BEwilj 
be to DF as th]B excefs of the arc BD above 
BE to the m DO 5 therefore [Prcf, $.] the 
fc<aor ASG ife equal to, the fcdor ACB j 
therefore the angle ACG is thp aftomaly of 
the excentrict 

The computation is as follows; In th^ 
triangle PCS, as the fum of the fides BC, CS, 
h to the dififerenoe of die fides BG, CS, fo i^ 
the tangent of half the angle ACB to the 
tangent of half the difference of the afigles^ 
CSB, CBS ; therefore the angles, CSB, CBS 
will be given, that is, the angles, ACD, 
. DCB, will be given. Again, in the triangle 
CSD, the furti of the fides, CD, OS, is tq 
the difference of the fides CD, CS, as the 
tangent of half the angle ACD to the tangent 
of half the difference of the angles, CSD, 
CDS; therefore the angle CDS will be 
given. Again, bpcaufe as the fine of the angle 
BCD is to the tangept qf the angle CDS, fo 
is the excefs of the arc BD above its fine to 
the arc CD ; fay as the radius is to the fine 
pf the angle BCD, fo is 57°. 29 5 779 5 '©'r. 
^|j^ t^un::ibe|- qf degrees in an angle fubtende4 

, ■ . / ^ 
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by an arc equal to the radras^ tjo the number 
of degrees in an angle fubtended by an arc 
equal to the fine of the angle BCD ; [let 
this angle be called A]. Again, as the fine 
of the angle BCD Co the tangent of the angle 
CDS, {0 is the exccfs <£ the angle BCD 
above the angle A, to the angk GCD, 
Therefore the angle ACG, the anprnaly of 
the cxcentric, will be given, 

EXAMPLE J. 

In the orbit of Mertury^ the mean diftanc9 
IS to the excentricity as looooo to 20589. 
Soppoie the mean anomaly from the apheli* 
on to be 60^, it is required to find the ano^ 
iiialy of the cxcentric^ In the triangle BCS, 
^ 120589, the fum of BC, CS, i$ to 7941 1 
the difference of the fides BC» CS, fo is the 
tangent of 30% half the fum of the angles^ 
CSB, CBS, to the tang^t of half the differr 
pnce of the angles CSBj, CB^. 

. The log, tang, of 30* is 9.76 14394 
The log. of 7941 J is 4.8998807 

The fum is 14.6613201 

The log. of 120589 is 5-0813077 

'Pl^^clitFerenc^ j^.5800124 is the 
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log, tang, of '20*^ 49'.oo894 half the difference 
of the angles CSB, CPS ; therefore the an- 
gle CSB or ACD is 50° 49^00894, and the 
angle CBS or BCD is 9'' 1 0^99 106. Again, 
10' the triangle DCS, as 120589 the fum of 
DC, CS, is to 7941 1 the difference of DC, 
C8, :fo i& the tangent of 25'' 24'. 50447 half 
t\i& fum of the angfes CSD, CDS, to the tan- 
gent of half th^,4ifFerence')of the angles 
CSD, CDS, 

The-log. tang/of 25 ''*24'.5b447 is 9.6767070 
The'log. of 7941 1 is ' 4.8998807 

The fum is •^4-5765877 

The log. of i?0589 is 5-o8i3077 

The. difference « • '9.4952800 

is the log: tang, of i7> 22'.2i093 half the dif- 
ference of the angles CSD, CDS 5 therefore 
the angle CDS k 8"* 2^.29354. Again, as the 
radius is to the* fine of g"" io'.99io6, fo is 
57** .2957795 ^c. the number of degrees 
in an angle fubtend^d by an arc equal 
to the radius, to the number of degrees and 
minutes in an artgle fubtended by an arc equal 
to the fine of 9*" lo'.99io6. 

The 
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The log* of 57*^957795 is ^ -758 1 226 

The log. fine of 9** io'.99io6is 9.2030097 

The fum is 10.961 1323 

The log. of rad. is 10.0000000 

^ I * ■ tW I. It.. 

The difference a96ii323 

is the log. of 9'' 8'^6349999, the number of 
degrees and minutes contained in an angle 
fubtended by an arc equal to the fine of 
g"" io'.99io6. The angle A therefore is 
9'' 8'.6349999 ; the excefs therefore of the 
angle BCD above the angle A is 2.35606. 
Again, as the fine of 9"" 10.99106 is to the 
tangent of S"" 2^29354, fo is the angle 
2 .35606 to the angle DCG. 

The log. of 2'.356o6 is 0.3721863. 

The log. tang, of 8"" 2'.29354 is 9.1498998 

The fum is 9.5220861 

The log. fine of 9* io'.99io6 is 9.2030097 

The difference 0.3 1 90964 

is the log. of 2'.o84953 thje angle DCG, the 
angle ACQ ^he anomaly of the excentric i» 
50' 51^093893, that is 50*^51' 5".63358. 

Lbt 
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Let SM, perpendicular to CG, meet CGf 
in M : It is evident, becaufe the fcdor ACO 
is common to both the feftors ASG, ACB^ 
that, if the feflor ASG be equal to the fedor 
ACB, the triangle SCO will be equail to the 
k&or BCG} and therefore the line SM will 
be equal to the arc BG : if the feftor ASG 
fee greater than the fedtof ACB, the triangle 
SCG will be greater than the fedor BCG ; 
and therefore the line SM will be greatef 
than the arc BG : tod, if the feftor ASG be 
lefs than the feaoif ACB, the triangle SCGf 
tvill be lefs than the fe(ftor BCG 5 and there- 
fore the line SM will be lefs than the arc 
BG: that is, if thcf zvc AG be greater,f 
equal, or lefs, than the' true anomaly of the 
excentric, the line SM will fee greater, equals 
or lefs, than the arc BG j and therefore, thcf 
lefs the difference is between the iine SM 
and the arc BG, the lefs will the difference 
be between the arc AG and the anomaly 0/ 
the excentric. 

Because the tfiangles CJCti, CSM, artf 
fimilar, CG is to GH as CS to SM 5 that k^ 
the radius is to the fine of 50*5^.093893 
as 20589 to CM. 

Th€> 
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The log. of 2058^ is 4-3 1363 53 

ThQ log. ftpe of 5.Q.*? 51^093797 is 9^8895890 

The fum is •' 14.2032243^ 

The 1^. ©rrad* is 10.6060000 

The difference 4.2032243 

is. the lpg*,Qf SMa Agmi ^s CA to SM> fo 1$ 
57*"* ^9:5779 S> ®*^- '^^ pupaber pf degrees in 
9P angle fvibtended by a,n arc equal to CA, to 
the number of degrees in an angle fubtcnded 
by aci ate equal to^SM.. ... 

The log. of 57^ 295779 5i &c. is 1.-7^8 1226 
The log. of SM is ' 4.2032243 

The fum is • 5.9613469 

The- log. of CA 5.0000000 

Thedifferepce .0-96 13469 

is the log. of 9'' 8^9o625 the number of de- 
grees arid minutes in an angle fiibtended by an 
arc equal to SM : but, becaufe the arc AB is 
6o% and the arc AG is 50"* 51^093797, the 
arc'^G will be 9'' 8'.9p6203 y the difference 
therefore between SM and the arc BG 
Vol. II. ' R , U 



Digitized by VjOOQ IC 



130 ESSAYS ANi> OBSEkVATIO^fS 

is o',oooo47 ; the diflFerence therefore is lefs 
than the 354th part of a fecond, 

Mr. Macbiriy m his folution of this pro- 
blem in the Philofophical Tranfadions, 
Number 447. makes the anomaly of the ex- 
centric to be 1 29**. 14846, when the mean 
anomaly reckoned from the perihelion is 1 20*3 
and therefore, if the mean anomaly reckoned 
from the aphelion be 60°, the anomaly of 
the excentric will be 50'. 8'5r54, that is 
5o^5i':o924r 

In order to determine the difference be- 
tween SH and the arc BG according to this, 
computation. 

The log. of 20589 is 4-3 ^ 3^3 53, 

The log. fine of 50'' 51^.0924 is 9.8895888 

The fum is 14.2032241 

The log. of rad. is 10.0000000 

The difference ^ 4.2032241 

is the log. of SM. Again, as CA to SM, fo is 
57^ 2957795, &c. the number of degrees^ in 
an angle fubtended by an are equal to CA, to 
the number of degrees in an angle fubtended 

by an arc equal to SM. 

The 
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The log, of 57"". 2957795, S?r. is 1.758 1226 
The log. of SM is 4.2032241 

The fum is 5-9613467 

The log. of CA is 5.0000000 

The difference ^-9613467 

is the log. of 9^" 8^.905998, the number of 
degrees and minutes in an angle fubtepded by 
an arc equal to SM : but, becaufe the arc AB is 
60"", and the arc AG is 50'' 5i'.o924, the arc 
BG will be 9° 8^.9076 5 the difference there- 
fore between SM and the arc BG is p'.ooi6o2, 
very nearly one tenth of a fecond, and is 
more than thirty four times greater than the 
fornier difference. 

Because AS is equal to the fum of BC, 
CS, ^nd PS equal to the difference ofBC, 
CS ; it is evident, that, if, from ' the log. 
tang, of half the angle ACB, the difference 
of the logarithms of AS, SP be fubtradted, 
the remainder will be the log; tang, of an 
angle, which, if added to half the angle 
ACB, will give the, angle ASB or ACD; 
and, if fubtraded from half the angle ACB, 
will giv? the angle CBS or BCD. 

EX. 
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E X A M P L E n. . 

In the orbit of MarSy the mean diftance is 

to the excentricity as 152369 to i4ioo» 

Suppofing the mean anomaly to be i^, it is 

required to find the anomaly of the excentf ic. 

The log, tang, of 30', half the 

angle ACB, is 7-94P^5^4 

The difference of the logs. 0/ AS» . 

&P is o,o8o6o!36 

^he difference 7:8602498 

is the jog, tang, of 24'.9i968i4, half the dif- 
ference of the angles CSB, CBS ; therefore, 
the angle CSB, that is the angle ACD, is 
54',9I968i4j and the angle CBS, that is 
the angle BCD, is 5.0803186, Again, to 
determine the angle CDS, 

The logt tang, of half the angle 

ACD is 78958249 

The difference of the logs, of 

AS, SP is 0.0806086 

The difference ' 7.8 152 163 

is the log. tang, of 22'.464i426, half the 
^iff^rence of the angles CSD, CDS ; there- 

fors 
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fore the angle CDS, that is the angle BCF, 
is 4'.Q9 5698-1^ 

Again, '^s the radius is to the fine of 
5'.o8o3i86, fo is 57'' 2997795; &c. the 
number of degrees in an angle fubtended by 
an arc equal to the radius, to the number of 
degrees and minutes in ati angle fubtended 
by an arc ecjual to-the; iine of 5^.0803 ij86. ' > 

The log- of 57''-2957795 is 1.758 1226 
The log. fine of 5'.68o3^i86 is 7-^6333^ 

The fum is 8-9214539 

The l6g. of radius is i-o.oodoooo 

The difference — 2.9214539 

is the log. of 5^.0073 1^2, th^ number ot 
minutes contained in the angle A 5 the excefs 
therefore of the angle BCD, above the angl? 
A, is o'.0930024. Again, as the fine of 
the angle BCD is to the tangent of the an*k 
DCF, fo is 0^.0930024 to the angle DGG. 
The log. of o';0930024is ^ - — 2.968494X 

The log. tang, of the angle DCF is 7.1622795 

-' ■ ■ II- '■■■ '-> 

The fum is 6.1307736 

The log. fine of the angle BCD is 7-1633313 

The difference ' 2.9674423 

is 
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ISithe log. of o'.o927774i the angle DCG 
tharefore is d.ogzjjj/^ ; therefore the anglo 
ACG, the anomaly of the excentric, is 

S5--OJ24S88. 

EXAMPLE IIL 
, Supposing the mean anomaly in the fame 
orbit to be 45**^ it is required to find the ano*- 
maly of the excentric. 

The log. tang, of 2^"* 30' is 9.6172243 

The difF. of the logs, of AS, SP is 0.0806085 

"^ ■■■■III 11 — ^— — 

The difference 9-5366158 

is the log. tang, of 18** 59'. 13 273 2 5, half th? 
kfferqnce of the angles CSB, CBSs the 
angle CSB, that is the angle ACD, therefore 
IS 4i^29'.i327325 3 and the angle CBS or 
BCD is 3°3o'.8672675. 

The log. tang, of half the angle 

ACD is 9-5783203 

The diff. of the logs, of AS, SP is 0.0806085 

■ HI I I I 

The difference 9-4977 1 1 8 

is the log. tang, of ly* zy'.jo^zbyZt half 
the difference of the angles CSD, CDS; 
the an^le CDS or DCF^ therefore, i? 

3» i6*.858o99. 
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2^ i6'.858o99. Again, as radius is to the 
line of the angle BCD, fo is s?""* 2957795, 
&c. to the angle A* 

The log, of 57"*. 2957795, &c.h i. 758 1226 
The log. fine of the angle BCD is 8,7874623 

The fum is ^0.5455849 

The log. of rad. k 10.0000066 

The difference ^-5455^49 

IS the Idg^ of 3'', 5122459 5 the angle A, 
therefore, is 3"" 3o'.734754 j the excefs of the 
angle BCD above the angle A is 0'. 13 25 13 5. 
Agaitr, as the fine of the angle BCD is to the 
tangent of the angle SDC or DCF, fa is ' 
o^r325 1 3 5 to the angle DCG. 

The log. of o'.i325i35 is — 1.1222601, 
The log. tang, of the angle SDC is 8.7583537 

The fum is 7.8806138' 

The log. fine of the angle BCD is 8.7,874623 

The difference "~i '^93 1 5 1 5 

is the log, of o'.i2392ji8 J the angler DCG, 
therefore, is o'.i239228 ; therefore the' 
angle ACG, the anomaly of the excentric, i^ 
41^29.2566553. 

EX- 
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EXAM P L E lY. . 
r Again,, v^ die fame orbit feppafing thiT 
mean anomaly to be ioq'' degrees,, it is re-* 
quired to find the anomaly of the excentric. 

The log. taiig- oi 50* half the 

\ angle ACB is IQ.0761861 

The difference of the logs, of 

AS, SP is 0.0806086 



The difference 9*9955779 

is the log. ta4ig*pf44*'42'.498^i92, half thf 
difference of the .angles. CSB, CBS ; there-, 
fere the angle CSB, that is the angle ACDj 
is 94'' 4a'498p;9z 3 and . the, .angle QBS^ 
that is the angle BCD,' is 5° X7'.5oi7ao8. 
Again, to determine the angle CDS, 

The log» tang, rf half the angle 
r . ACDis ' 10.0557285 

The difference of the logs, of 
-^ AS, SP is ^ '^ o.o8o6oH^ 

Hilt I II III 

The difference 9975 ^^ 99 

is the log. tang, of 43*2i*.58i9834, hstlf 
the difference, of the angles CSD, CDS j 
therefore the angle CDS, that is the angle 
DCF, is 3''59'.667i2i2, 

Again, 
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Again,' as the radias is to the i?ne 
df 5^ i/.5oi^8o8 th« artgle BCD/ icr is 
$y°. 299779 j; to the angle A. 

The logi of 57''»2957795 is 1.7^181226 
The log. fine of 5° r7'.5or7868 is 8.9642381 

The fum IS 10.7223667 

The log. of radius is f 6<ooooo6cr 

The difference 0.7223607 

is the log. of 5° 1 6^660752 the number of . 
degrees and minutes contained in the angle 
Ay the excefs therefore of the angle BCD 
above the angle A is o^90 10288. Again^ 
as the fine of the angle BCD is to the tangent 
of the angle DCFy fo is o^90 10288 to the 
angle DCG. 

The log. of 0^9010288 is ''^^^95473^7 
The log. tang, of the angle DCF is 8^844043 1 

The fum is 8.79878 ig 

The log- fine df the irtgle BCD is 8.9642381 

The difference **^ 1.8 345437 

is the log* of 0^6831934 J the angle DCG 
therefore is c^6?3I934; thercfofe tiie 
angle ACG the anomaly of fhe excentric is 
94° 43^1814126. 
Vot. II. S Thb 
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The three laft examples are taken from Dr^ 
jK>/7'a aflronomical Lectures, Le<fture ^36^ 
and the numbers agree very nearly with his. 

In the orbits of Mercury and Mars^ if the^ 
excefs of the angle BCD above the angle A 
be added to the angle ACD, the fum will be 
nearly the anomaly of the excentric reckoned 
from the aphelion. 

• In orbits of fmall excentricity, the angle 
ACD is nearly the anomaly of the excentric \ 
therefore the following rule will give the 
anomaly of the excentric very nearly. 

From the logarithmic tangent of half the 
mfean anomaly, fabtradt the diiference of the 
logarithms of the aphelion and perihelion 
diftances ^ the remainder is the logarithmic 
tangent of an angle, which call B: to the 
angle B, add half the mean anomaly ; the 
fum virill give very nearly the anomaly of the 
excentric* 

EXAMPLE V. 
In the eartb's orbit, the mean diftance is 
to the excentricitjr as i oopoo to 1 69 1 . Sup- 
poife th^e mean anomaly from, the aphelion 
to be 30"", it is required to find the anomaly 
€>f the excentric. 

The 
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The log. tang, of 15° is 94280525 

The diiF. of the logs, of AS, SP is 0.0 1 46^92 



The difference 94^33633 

U the log. tang, of 14"* 3i',367042i, half the 
difference of the angles CSB, CBS ; there- 
fore the angle CSB, that is the angle ACD, 
is zg"" 3 j'.367042 j therefore the anomaly of 
the excentric is nearly 29*" 3i'.367042i, that 
is 29° 3 i'.22".o22526, which agrees very 
nearly with Dr. Keil's numbers in the 
forefaid Lefturc. - 

E X AJVI P L E VL . I 
Again, in the earth^s orbit, fappofe the 
mean anomaly to be 60'', it is required to find, 
the anomaly of the excentric. 

The log. tajng. of 30° is 9.7614394 

The diff. of the logs, of AS, SP is o!oi46892 

The difference 9.7467502 

is tTie log. tang, of ^^'^ io'.o8i873, half the 
difference of the angles CSB, CBS ; there- 
fore the angle CSB, that is the angle ACD, 
is 59** ix:>'.o8i873 ; therefore the ianomaly of 
the excerttric, is nearly 59** i o'.'QrS 1 873 , * 

EX- 
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E X A M P L^ VII, 
In tb^ orbit of Venm^ the m^an diilance it 
to the excentricity as looooooo 1069855.. 
$uppofe the mc^n anomaly reckoned froni 
the aphelion to be 60^, it is required to fin4 
the anomaly of the excentric. 

The log. tang, of 30® is 9.7614394 

The diff, of the logiB. of AS, SP is 0,0060677 

The4jfference 9-75527^7 

is the log. tang, of 29"^ 39'-2739959, b^f th^ 
difference of the angles CSC, CBS j therefore 
the, angle CSB, that is the angle ACD, is 
5^^39^27399595 therefore the anomaly of 
the excentric is nearly 59^ 39^2739959, thai 
Is 59^ 39^16^439754, 

Jf the mean anomaly reckoned from th^ 
perihelion be 120'', the anomaly of the ex- 
centric would be nearly 120° 2C)'.43''.56q246, 
•^vhich agrees very nearly with Mr. Machine 
numbers in the fprecited tranfaftion. 

The anpnialy of tlie excentric being found,, 
the epequate pr true anomaly will be fpuqc^ 
by the refplution of the triai^gle GCS : Thus, 
frpip the log. tang, of half the ai>omaIy of 
\]\p f xc^ntric, fubtr^^ the difference of the 
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!pg$. of th^ aplsiplipn »n4 p^rihelioa dift^taces,. 
tlje f ecB^in^^ V^iU. ^ thp Ipg, tang* of an 
angl^ J to ithb 3pgl« acjd half Ae ajiomaJy oi" 
tjig cyfef^tfiq 5 lefeihc fut© :b6 called tJM 
qLQgleC } to the log. tang, of the angle C; 
add half the fum of the logs, of the aphelion 
and perihelion diftanccs; fronathk (ximy fub-^ 
traca the log. of the mean diftance j the re^ 
ipa'mdQr will be the log. tang, of the coequate 

or true anomaly 

Let CL be the lefler axis of the planet's 
orbit! Becaufe, from the nature of the 
elli^e, the fquare of CL is equal to the re- 
aangie ASP, the log. of CL will be equal tp 
half 'the fbm of the Ipgs. of AS, SP : and, be^ 
caufe the tangent of the angle KSH is to the 
tangent of the angl? GSH as HK to HG j 
that is, frprpths p^Rre pf the ellipfe, as LC 
tp CA ; thqrefore, if tp the log. tang, of 
the angle GSH, the Ipg. qf CL be added, 
^nd from th? fuqi the log. of AC be fub- 
traded, the remainder will be the log. tang, 
pf the angle KSH^ 

AG4JN, th?fin9 of the true anomaly i$ tq 
the fine of the anomaly of the excentric, as 
the lefler axis of the prbit to the diftance of 
the planet from the fun, 
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Because CL is to HK as CG to GH, 
that is, as thie radius to the fine of the ano-^ 
inaly of the excentric, and HK is to KS as 
the fine of the true anomaly to the radius ; 
(htereforc CL is taXS as the fine of the true 
Wiomaly to the anomaly of the excentric. 
. /.The place of a planet in an elliptic orbit 
{granting the quadrature of the ellipfe] may be 
fbuiid at any given time within a fmall limit, 
by the following theorem. . 

'c ' . . . ' 

THEORIEM. Fig. 7. - 

Xet tbe ejlipfe, -whole greater axisi 
, is AP, foci.S, K, .and center Q 
. repFefent the ocbk of a planec 
roundthefun atS; and, fuppofing 
^ ^ the periodic time of the planet 
' round the fun to be known, and 
like ways the time the. planet pafled 
'^ thro' the aphelion A: As the pe- 
riodic time^ of the planet round 
'^'- the furi,- i^ to the time elaf)fed 
' fmce the' planet palled thro* the 

poini 
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point A, fo let the area of the d- ""' 
lipfe be to the feftor ACB ; join 
SB, and draw CD parallel to SB on_ 
the fame lide of AP. that SB is j 
and let CD be equal, to CA; join ; 
SD; let CD, SD,meet the elliplein . 
E, F; the true place of -the pknet.' 
is between the points E, F; that., 
is, the planet i^, palTed the poiot 
E, but not come. to. tjie point F. :■: 

Let G be the place of the planet; joim> 
SG, and join BD meeting AP in H, and-^ 
join KB ; draw SL parallel to KB meeting ; 
BD in L. Becaufe CD. is parallel to SJBr^* 
CD will be to SB as Ctl to HS ; therefore, 
twice CD will be to SB as twice, CH to HS. . 
But, becaufe twice CD is equal to A P, that,; 
is, equal to KB together with BS, and twice 
CH is equal to KH together with HS; there- 
fore KB together with BS will be to BS as 
KH together with HS is to HS; and there- 
fore KB Will be to BS as KH to HS, that is, 
as KB to SL; therefore BS, SL are equal: 
therefore the angle SBL is equal to the angle 

SLB, 
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*SLB, that k', «jtral to the angle KBDj fthd 
therefore, from a known property of tJhe 
ellipfe, BD is a tangent, to the elHpfe at the 
point B; and therefore {Prop. 2.] the fe6tor 
ACB is greatfefthaii the fedtor ASE> arid fefs 
than the fcaor ASF : but, feecaufe G is the 
place ofi the planet, the atca of the ellipfe 
will be to the fedor ASG as the periodic; 
time of Ac planet round the fun is to the 
time elapfed fincc the planet paffed thro' the 
pdmr A, that is, as thte^ area of the ellipfe td 
the. feaor ACRv therefore the fedbr ASG 
IS equal to the fedor ACB j and therefore 
the feiStor ASG is greater than the fedor 
ASE, and lefs than the fedor ASF 5 there-, 
fore the line SG falls between the lines SE, 
SF J and therefore G, the place of the planet, 
15 between the points E, F 5 therefore the 
planet has pafled the point E, but not come 
to the point F* 

Art* 
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Art- VIL 

t^ftbe Cold produced hy Evaporating Fluids, and 
offom- other Mmns \of producing Cold 3 by 
Dr. WitilAM COLLEN Profejjor <f J^c-^^ 
dicine in the XJniverJity of Glafgow^. 

AYoiriTG GentJfenKwi one of my pupllg,^ 
whOQ) I had en)plp^$d to examine the 
heat or cgld that inigh}: l^B produced hy the^ 
folutba ofcertaki fii|>ft?P.ce$ in fpirit of wine>' . 
obfcryefl to jTje t T%t, when a thernjometer 
had been immctrfed in foirit of wine, tho' the 
Ipiirit wa^;ex^(Stly of the. tcpi^crature of the. 
furroundmg air, or focnewhat colder ; yet>. 
upon t|ii)^i;^ the thertnofneter out of the 
fpirit, and fufpending it in the air, the mer^ 
cury in the tbermonjejter^ which was of R^- 
renbeit[$ conftruftion, always funk: two or 
three degrees. This recalled to my mind 
fome experiments and obfervations pf M. 
de Maifan to the fame purpofe; which I 
had read fome time before. See Dijfertation 
fur la gface^ edit. 1749. pag. 248^ & feq. 
Vol. IL . . T When 

• May I. 1755. 
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When I firft read the experiments of M. de 
Miaran in the place referred to, I fufpefted, 
that water, and perhaps other fluids, in eva- 
porating, produced, or, as the phrafe is, gene- 
fated fome degree of cold. The aboVe ex''-\ 
perimeAt of my Pupil confirmed my fufpi- 
cion^ and engaged me to verify it by a variety 
of new -t'rkds^* ' . . ^ 

I began by repeating the experiment with 
fpirit of'wine ; and found, when 1 hadtak^ 
the utmoft care to have the fpirit exactly oi 
l3ie tetnperature of the air, thaHcoriftahtly 
however, upon takinfg-the tbermotrietelr out' 
of the fpitit, the mercury fiink feveral de- 
grees, and indeed coritihued to fink^^lb'iortg 
as the ball ;bf the tHtnnometer contihiied wet 
with the ipirlt of wirie^^ I found affo, When 
the' ball bfegan to^ dry, and -the - mercury ta 
rife again in the ftem* of the thermometer, 
that, if ^ the Ball was again dipped into the 
fpirit arid immediatefy taken out, the mer- 
cury in the thermometer might be again 
bbferv^d to fink, .and that thus, by repeated 
dippings, the cold produced - might be ren- 
dered very remarkable. The cold produced 
Was alfo obfcrved to be ftill greater, when, 
between each dipping, the thermometer was 

moved 
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moved very nimbly to and fro in the air ; or 
if, while the ball w.as wet with fpirit of 
wincj it was blown upon by a pair of bellows y 
or indeed if the iiir about the ball was other-^ 
wife any how put ifa motion. If any of thef© 
means fpf putting the air in motioft are em- 
ployed, the repeated moiftenings of the ball 
of the thermometer may be performed by 
dipping it into the fpirit of wine. But, 
when a certain degree of cold has been 
produced by a firft dipping, that is apt .to be 
diminished by dipping again into the warmer 
fpirit ; and therefore the thermometer ought 
either to be dipped into the fpirit and taken 
out again very quickly, or, what is ftill better, 
the ball of the thermometer ought to be moid- 
ened by a feather that has been dipped int<» 
the fpirit of wine. By taking thefe methods, 
I have by fpirit of wine made the mercury 
in the thermometer fink from 44 degrees to 
below the freezing point 3 and, by employing 
fome other fluids to be mentioned by and 
by, I have produced a finking of the thermo- 
meter much more confidcrable. 

In making experiments of this kind, if 
is to be obferved, that the cold, produced is 
pf very fhqrt duration. On this account it 

is 
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is not proper to employ z thermometer in¥ 
clofcd in a glafs tube-, add it is neceflkry to 
employ one having a finali ball, which may 
render it more fenfiWe. But,, as a fmall ball 
occasions the divifioas of the fcalc to be the 
jailer, * thermometer filled with quick- 
filver is not fo proper for thefe experiments, 
as one filled with fpirit of wine ; having at 
the fame time both a fmall bail and a (lender 
Hem. What beft of all fhews the cold pro- 
duced, and is indeed, with refpedt to feveral 
fluids, quite npceflary, is an jUr thermometer. 
This too will be rendered more convenient 
by having the upper part of 
the tube bent as in the figure 
annexed, fo that the ball 
may be moiftened without 
the liquor's running down 
ppon the ftem and fcale. 

I have entered into this detail for the fake of 
thofe who may defire to repeat my experi- 
pients. • Having now faid enough on the man- 
ner of making <hem, I go on to obferve, that 
in this way I have examined a great variety of 
fluids. Such as, 

• ^ ^' ' ' ' " ' The 
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^)iequick4imefpiritotfalamnmiaCh . .x ; 

Hhcaiher jo£ FrUAtiuSy "-, : :: ^: ': ^ 

Tks&nitromathen '' \ '^ 

The w/tf///^ tinSlure of fulpbur^ . .'^irl 
^pirft of wine^ •:: ' -•.::^:) 

Spirit offal armrmipc macte ^ith the fitted 

rrsikidi^ • " 

Bfandy^ . . i- i 

Oil (f turpentine^ 

Oil of minty . . 

0/7 ^' pimento. : . \ ~ 

By each of tbefe employe,d to moiftcn the, 
ball of the thermometer, fome degree of cold 
IS produced. I dare npt however ait prcfent 
determine cxadlly what is the finking of the. 
thermometer produced by each, For thia 
purpofe, it would be neceflary to tepeat the 
trials often and with precifely the feme cir- 
cumilances at each time : which I find to be 
very difficult* In the mean time I have 
endeavoured to give a notion of the compara- 
tive power of thefe fluids in producing cold, 
by the order in which I have fet them down; 
Jiaying mentioned that fluid firft which 

fccq^e4 
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fecmed to me to occkfion the greateft finkiig 
of the thermometer, and the reft follow in 
order as they feemed to pccafion lefs and 
Jefs. - ■ 

From the above enumeration I imagine it 
will appear^ that the power of evaporating 
fluids in producing cold, is nearly according 
to the degree of volatility in each. If to this 
we join the cpnfideration, that the cold i& 
made greater by whatever haftens the cva* 
poration, and particularly, that the finking of 
the thermometer is greater as the air in which 
the experiment is made is warmer, if dry at 
the fame time ; I think we may now con- 
clude, that tbe cold produced is the effedl of 
evaporation. 

■ I did not think it neceflkry to diverfify my 
experiments further by examining a great 
many fluids, which are manifeftly of a like 
nature with thefe above-mentioned. I pre- 
fume pretty confidently, that the feveral fpi- 
rituous, watery, and oily fluids, akin^ to thefe 
already tried, will be found all of them to 
have fimilar effeds. And, confidering how 
many fluids thefe claflfes comprehend, and 
that, in thefe already tried, the cold produced 
fecms to depend more on the volatility of the 

aggregate 
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aggregate th4» on tlie nature of die mi^^ 
1 was ready to conclude, that all fluids wbat-Q 
ever, would, in evaporatingy produce cold.';, 
But I have found a Teemmg. etx(;eptiori^ 
When, the ball ;of the thepmoftieter^ Js- 
moiftened with any of the .fofBl acids,. .% 
confiiderable degree of .heat . is produced.. , }f^ 
is however to be doubted>^.ifjthis afFoitls-%rj{ 
exception. We* know thattiietfe acids r^tfir^^ 
water from the ait j and -alfb.' that, thefe>.acidsy; 
itexed with Water, always .proxluGCl hei^t;:; ife 
rliay^therefdre l^e ftfppofed,othat jhcheat p©?n 
dliced, by raoiftening the 'ball off the. tfe^ff.; 
raometer wi^hUhefe Scidf^,vis 4:6:be cinapu$?cll 
rather to their mixing with 'the water eJf:^% 
air, thah to their evaporaticaii ^fihgly.r -Th|$) 
perhaps cannot be proiitivcly dfeterminfd? .till 
tfife evaporation of thefe ticwis, ,m a. very pei^ 
fedt vacuum, is examined^ which J h^ye^nof* 
yet- had an opportunity of : doing. In the> 
mean time, ^ I have madjQ an experipierit 
which I think is to the purpofe. ; To one^ 
part of ftrong acid of: vitriol, I added twa 
parts of fpring^water. When; this mixture^- 
which produces a great degree of heat, was 
returned to the temperature of the air, I ufcd 
it for moiftening thcba^t pf thethermopd-: 

ter, 
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ft*, i and foundtitprDduccd^afenfible degree 
efiCoWiaiMJ&Bininglyia greater than water 
afebe woiild ^aye done. I ne?d not here> 
obfer^e, that the mixture I lifed was ftilLa. 
i^ryPadd Uqabi-, only fo much faturated 
with wafer, that it' Would not now attrad any 
ffcmithe airr: Whether itwoiuld not iiave) 
Had the feme effed, the' lefe diluted, I have; 
liot^ iidd 4;ime ttt^exzadnck Tk^ \ experimesti , 
.as^f-ft^nd$,r.«bnds,to proy;^, jiljit the hf»t 
^t-oduced byiicidq, aipplicd ,^jtiw ^'aU qf .ti»c 
tficr0ometeri ris qiving tor the mixture . -oft 
diofe with the wa!ter:of the Jif ii.apd ^her^Sf: 
^iy-^itis ifillivcfy . probable,: jhw lall fl|ji4?i: 
*Miici$ do no^irnmcdiatcly afffl(S.Jbe wixtiifie: 
cfif tffe air, will, inievaporating,. t>r(»iqce eo}4,; 
• When I had proceeded Auarfftr, I begwi 
to -copfidef, -whether the, cold produced ift 
the above experiments mightaOt^be the ^ffec^ 
dfthenmixtpre bridle .fcveralrftuidg with the 
air ; ind that therefore,, to a lift .of cooUng, 
mixtures and folqtions which I 'was thjSn 
leaking up, I (hould nowadd the. (everal £> 
tibns made by th* air. By one who fuppofes 
the evaporation of fluids to depend upon the 
aftion of the air as a menftruum, this would 
be readily admitted} but, ^s I knew that 

fluids 
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fluids cvAgpfrte inn)4m^ as well ias in ifce air, 
I refoji^ to iV^ed.j.my opiriiQin till I 
Ibould «^at my pjfperijnents in ^n exp. 
hauil^d r^civ^r. w, 

In prafequtiag thsf^, * DumtSftr :^f e^ev 
wi4,tQ wpiHwkws.^^i^ofl^^ have prefiaitcd 
themfelye^ ; fo a)ftfty» (MP^t I find 1^ eifeperir 
Jcncntj5 .rouft be oftei^ ^-epeaAed, aod ffiii);;:^ 
diverfified;, before J ^m giye the Swiety a 
proper «WHH>t of (hem. In ^e meiin tiioe^ 
i Ihall give ypu tl^. following fa^S already 
fufficieatly verified* 

A xH^vrmmfit^ bstng in the receiver of 
an air-puBip, ,finkp fttways two or tjjf ee die- 
grces uponthft air'$ bewg exha^uiiked. .After 
a little tigw, the tti^r^igmet^r in 5^acuq re- 
turns to the temperdtuFe of ^he ^ir ip the 
chacaber, and upon lie^i^ air ;aga^ into the 
receiver^ ,the thernaftoaeiter always rifcs two 
or three degrees abovetJwrit^^naper^tw-eof the. 
external air. ' . 

Whew a vc^cd oontaining fpirit of wipe^ 
with a thermometer imsnerfed in it, is fet 
undfir the wcclver of an s^ir-pwwprs »pon 
exfcwfting.l^ air, the mercury io jhe ther- 
mometer finks fcveral degrees. It becomes 
more efpecially remarkable when the air in 
Vol. II. U any 

/ 

Digitized by VjOOQ IC 



154 ESSAYS AND OBSERVATIONS 

any plenty iffijes out of the fpir it of wine. 
As the fpirit continues long to give out air, 
fo it is long before the thermometer im- 
merfed in it returns to the temperature of the 
external air. But when after fome time it 
appears ftationary, if it is then drawn up out 
of the fpirits and fufpended in the vacuum, 
the mercury firtks very quickly erght or 
nine degrees ^ a good de^l farther than it 
would have done in the fame circumftanccs 
in the air. In the fame manner as in the 
air, the thermometer in vacuo, may be 
made to fink lower by repeated dippings 
into the fpirit of wine: but here thefe 
repeated dippings have not fo remarkable 
an efifed: as in the air ; becaufe the dipping 
cannot be fo quickly perfofmed, and the 
thermometer is therefore more aiFefted by 
the warmth of the fpirit. It is fometimes 
alfo afFedted by a drop of the fpirit which 
the ball takes up along with it, and which, 
as I ftiould have obferved above, ought al- 
ways to be taken away in the experiments 
made in the air. This experiment with 
Ipirit of wine was often enough repeated, to 
fhew, clearly, that the evaporation of the fpirit 

in 
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in vamo produces a greater degree of cold 
than the evaporation of the fame in the air. 

Satisfied of this; 1 have tried alfo fome 
other fluids j as the qaick-lime fpirit of fal. 
ammooiac, and the two kinds of aether. 
Veflcis containing thefe with a thermometer 
immerfed in the liquor, but* feparatdy and at 
different times, were fet under the receiver. 
With regard to the different fluids, the fbct'-- 
nomena were much the fame. Upon ex- 
haufting the receiver, the fluid gave out a 
great quantity of elaflic air ; and while this 
happened, the mercury in the immerfed 
thermometer funk very faft and to a great 
length. In our trials, it generally funk below 
the fcale applied fo- that we could not 
meafure exactly how far. In one experi- 
ment before exhaufting the receiver, the 
thermometer had ftood at 50 degrees, and, 
after exhaufting, we could judge very cer- 
tainly that it funk to below 20. In another 
experiment made with the nitrous aether, 
when the heat of the air was about 53 de- 
grees, we fet the veffel containing the aether 
in another a little larger containing water. 
Upon exhaufting the receiver, and the veffers 
remaining for a few minutes in vacuo^ we 

found 
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found the moft part of the water frozen, and 
the vei&l containing the sether ftif refunded 
with a thick and fitrb cruJd of ice* 

Svcrt a means of producing cold, and fo 
fo great a degree, has not, fo far as I know, 
been obferved before, aiid it feertis to deferve 
being further examined by experiments. 
Till that is done, I do not cbufe to give any 
account of fome other remarkabki phenomena 
that hare occurred in the above experiments, 
nor to enter into the: feveral fpecuktiotis that 
the fubjeft fcems to fuggeft* 

Since writing the above, I have hdd occa- 
fion to obfcrve, that Mr. Richman of the A- 
cadamy of Peterjburg has taken notice of the 
cfFedt of evaporating flaids in producing cold; 
but does not impute it to the evaporation 
alone. His very exaft account of the ph^no^ 
tnena^ and his theory with regard to them, 
m^y be feen in Nov. Comment. Acad. Petropo^ 
litance ad ann, 1747 S? 1748. page 284. 
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Art. VIIL 

lEiycperinienis upon Magnefia alba, ^ickUme^ 
and fome other Ale aline ^ubJlanQes y By 
Joseph Black, M.D.* . 

Part L • 

HOFFMAN, in one of his obfcrya- 
tions, gives the hiftory of a powder 
called magnejia alha, which had been long 
ufed and efteemed as a nuld and taftelefs 
purgative \ but the method of preparing it 
was not generally known before he made k 
public -f-'i 

It was originally obtained from a liquor 
called the mother of nitre, which is produced 
in the following manner : 

Salt-petre is feparated from the brine 
which firft affords it, or from the water 
with which it is wafhed out of nitrous earths, 
by the procefs commonly ufed in cryftallizing 
falts. In this procefs the brine is gradually 
diminifhed, and at length reduced to a fmall 
quantity of an uo(^uous bitter faline liquor, 

affording 

• June 5. 1755. 

f Hoff. op, T. iv. pt 479. 

Digitized by VjOOQ IC 



158 ESSAYS. AKO OBSERVATIONS 

affording no more falt-pctrc by evaporation ; 
but, if urged with a brifk fire, drying up into 
a confufed mafs which attrads water ftrongly, 
and becomes fluid again when expofed to the 
open aFr. 

To this liquor the workmen have given 
the name of the mother of nitre ^y and Hoffman^ 
finding it compofcd of the magne/ia united to 
an acid, obtained a reparation of thefe, either 
by cxpofing the compound to a ftrong fire in 
which the acid >yas diffipated and the magrie^ 
jia remained behind, or by the addition of an 
alkali which attracted the acid to itfelf : and 
this laft method he recommends as the beft. 
He llkewife makes an inquiry into the nature 
and virtues of the powder thus prepared 5 and 
obfcrves,' that it is an abforbent earth which 
joins readily with all acids, and muft ne- 
ceflarily deftroy any acidity it meets in the 
ftomach j but that its purgative power is un- 
certain, for fometimes it has not the leaft 
effedt of that kind. As it is a mere infipid 
/ earth, he rationally concludes it to be pur- 
gative only when converted into a fort of 
neutral fait by an acid in the ftomach, and 
that its eiFedt is therefore proportional to the 
quantity of this acid. 
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Altho' ma^nefia app^rs from this hiftofry 
of- it to be a' very innocent; mediclfie^ yet 
having obferved, that fome hypochondriacs 
who ufed it frequently, were fubjeft to flatu- 
lencies and fpafms, he feems tahave fufpeded 
it of fome noxious quality. The circum-^ 
ftances however which gave rife to his fofpii 
cion, may very pofTibly have proceeded frcrtii 
the imprudence of his patients, who, trufting 
too. much to magnefiay (which is properly a 
palliative in that difeafe,) and^negleSing the 
affiftance of other remedies, allowed their 
diforder to increafe upon them. It may in- . 
deed be alledged, that magnefia^ as a purga- 
tive, is not the moft eligible medicine for 
fuch conftitutions, as they agree bcftwitlt 
thofe that ftrengthen, ftimulate and warm ; 
which the falirie purges commonly ufed are 
not obferved to do. But there feems at lead 
to be no objedtion to its ufc when children 
are troubled with an acid in their ftomachj 
for gentle purging in this cafe is very proper, 
and it is often more convenij^jitly procured by 
means of magnejia than of any other medicine,; 
on account of its being intirely infipid. 

The above-mentionjcd Author obferving> 
fome time after, that a bitter faline liquor, 

fimikr . 
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£xmkr to that obtajbed from the brine of 
ialt-petrc, was likewife produced by the 
^yaporatiDn of diofe waters which contain 
coounon fait, hs4 the curiofity to try if this 
would aUb yield a magnefia. The experi^ 
inent fucceeded : and he thus found out 
aoother procefs ^or obtaining this powder. 
Mid at the fame time aJQTured himfelf by ex<« 
periments, that the produd itom both was 
exaftly the feme*. 

My curiofity led me fome tone ago to in«> 
quire more particularly into the nature of 
magne/iay and efpecially to compare its pn>- 
perties with diofe of the other abforbent 
earths, of which there plainly appeared to me 
to be very dt£fereiit kinds,, abho' commonly 
confounded together under one name. I 
was indeed \&^ to this examination of the 
abforbent earths, partly by the hope of dif- 
covermg a new fort of lime and lime-water, 
which might p6ffibly be a more powerful 
folvent of the ftonc than that commonly 
ufedj but was difappointed in my cxpefta- 
tions. 

I have had no opportunity cof feeing Hoff- 
mann firft magnefia or the Itqufin^ from which 

it 

f HofF. Op. T. iv. p. 500. 
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k is prepared^ and liave thiaf(jftf*--bfee|* 
obliged to rnake my exf>er4meiiC8 upon the 
fecxjhd*! c;-: *; ;.■ ■•::..':•: .-'.■: wca ci.. 

IiB order to prfcpdre it^ I tit firft eiiijjlbyed" 
the bhter-^ine lic^qr caUed biti^n^ Whicb 
remains in the patu afttir> the fvapotatrdn of 
fea witer^; ; Bat as^thardiqaor is sot ^Wjays 
ekfily- pK)icur«d, I *ilterwai<d& made uAf'^of' a' 
fait GsdWd «/^««/4/;^y Iwluch: is fepat awd ^rerti 
the bitternrby cryAdliaation, andii-ejiriiiehtiy 
compdficd'^f i«^j;w)ftf j^nd th'« vitridic dfcid. •' 

Thers is Kkfwifr-a :fpurioasP"fcJna bf* 
Glauber falt/'wfjidh ylefaJi^f Uiitj^: df 'hegnefM^ 
and fetms to be no^ojheF thaii the epfol^ iaft 
of fcg. water fedaced tO'-^ryfltal^ ^^':}ai*^ef^' 
fize. And common fait alfo afFof^'i finalt 
quantity of this powder"^ ib«ba<ife-bemg; ffepa- 
tated'irom the bijfe'rn'by dne My'fei'yftdii*' 
zation only, it neceflariiy-edntams a^^ortion' 
of that liquor. ' /^- - -- ;;■;'.;'., /:.. .:: j 

Those who w6«ld.'^e^jCfe!i»K^»5^i^^j-brt/ 
epfona-falt, mayafetHefbll<»\virigprocefs. ■ 

Dissolve equal quaftfities oFdjjffom-fal^ 
and of pearl a(h«6 ifeparately ift-a ftiffidcnt 
quantity of water ;• purify each foliitipn from 
its dregs, and mijj th«m • accurately- together 

Vo.L, II. : ...J -X -fc . \r^- 
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by violent agitation: then make them juft t& 
boil over a brifk fire, . ... 

Add now to the mixture three or four 
times its quantity of hot water -, after a little 
agitation, allow the magnefia to fettle to the 
bottom,, antd decant off as much of the water. 
vfi poffiWc. Pour on the fame quantity of. 
cold water J and, after fettling, decant it off 
in the ^ fame manner* .Repeat this • waihing 
with the cold water ten qr twelve times r or 
even oftnfer, if the magnefia be required per- 
feftly par^for chemical experiments, ^ 

When ifeis fufiiciently waflied,: the water 
may bS? ftrained and Squeezed from it in a 
linen clotihj^ for very little of ^c magtitfiab 
pafTcs thrp:'*' . , . 

^ Thb alkali in the, naixture uniting with the. 
acid, feparates it from the magnefia -y which not 
being of itfelf foluble in^ water, muft. confe-; 
quently appear immediately under a folidform^ 
But the powder which thus appears is not 
intirely magnefia^ part of it is the neutral falt,.j 
formed from the union of the acid and alkali. 
This neutral fait is^ found, upon examination^ 
to agree in all refpe£ts with vitriolated tartar/ 
and requires a large quantity of hot water to 
diiTolve it. As much of it is therefore dif- 

folved 
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iblve4 as the iwater can ts^Ee up ; -^he fib^ is 
4ifperfe4 thro' the i»ixtttre in, the forta of f 
powdes* . . Hence theineeeffity of wa(hing the 
i^wtf^^gj^ ;wU;h fo mucK tf publd ; Jfor dw : firft 
affufipnrbf hot watb: is: intended^ to diflblve 
the whde of the fait, and the fub&quent ad^ 
4itiohs of cold water todivalh awa}r this> fo^ 

iution- ^ - r 

The cautjon; give© of bailing the s»bctwre is 

-flot unneqeffary ; if it be negle(3:ed, thel whok 
pf the ifffagneja is n^. a§e«f irately ieparated.at 
once^ ap4 by allqwiiagriitto reft forfcanr 
timoto\i\^: fpwder; jpoeoRctes tnjtotihitmte 
^rains^ svbich, when7;v»wed vi^^^itih the:mi«- 
Cfofcofie, i appear tt^b^aCemblagees of needles 
divergingr&om a point. j-jThis happens ino» 
efpecially when thelibluttQiis .of the epfom^. 
£alt and' of the aikaHt'^^ diiuttfi'- with ^oo 
jni^ch water hefore:they are raixJedtogetKeil 
ThuSy if a^^lram of epfooii^faU and of jlak of 
tactar ,he..difiblved i&ach 'in four .Qisiices c^ 
watery and be mixedi amd then allowed/Jtci reft 
three or four days, r jhe whole of the 'mdgjtefia 
will be fecmed into .th«fe grains. .. Qrvif tw4 
filtrate the gaixture foon after it is made, and 
beat the clear liqupr.which paiTcs tboo^; it 
will bepomi? turbid, and depose a mdg^efial 

I 
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|ntf gftchre fmt«ref of wi^mja, and of Boffma^'% 
t^moh C0nc«rf(fr>g iti by the fottowit^g «af(r 
^ijkfiMent. I madr a mfuiral fate afpkfgniJSa 
rnnd ^AiUeid vinegftF s choofing this acid ^ 
Jkfiag^ like that io^iii^eak^ptnachs^ tiseproduift 
of fbrknentatbn^.Sbi ilfacqs c€> dus:I dif^ 
folvad in water, and gave to a middLoKiged 
fban, - d^fiting. him to tiHe if 'by d^gtees, 
^rtrhiViE>g'tdk4(i ibouC a third, h0 defined; 
tod^tfrgfd four tittie* iti ^tt eafy and -genite 
manner, ^A WtiiniitfjS^'* >fti»oiig cohftilHtkwl 
^or'tfaeotmakider'&^iibfiflc pur^trve^ 66d 
itopedatoA tTOtiiWM'Avilhout c^ufing arty uh* - 
^^afincfs;: ) The ia(H*-<rf'«his f«lt isc n^t dJfr 
fgmeahler^ andit tppeUrs tp:be ra^fi^ the 
(X)oling than of the adciklutUndr 
c H'AyjNja thus ^ven ai0iortikmc&.xtf th^ 
hiftory sjfa4 medical yirtuea ci :$^n^a^: J 
^oW' pfoc^ed to an account of its ch^itiitil 
jrt-opertic9, Py my firft experiments, I 'm^ 
iend^d to Icam what fort of lieutr ah falts 
might be qbtainedi byjdiniftg it to each ^f 
lb? ^vut^ar acidjj arid the rrfult Was as 

/ Magkesia igqdickiy diffolved with vip-p 
JfPt ^fferv^fcenpci br^e•xplofl4)rtt)f air^:by th$ 
^ ft? ids 
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peculW{)r(ai^et-kfiss. • 'V- ' - <- .<? 
> That f>i^k:h,i8i:made!iwit&4iie.vi@iiiii 

In 9II refpcA«to4pi(biti3falfiJj[. - - -' - -" aiedJ 
' iTMAT' ^»lacfe-ifi Qisfd& jwt(b< tfaf i^lffbtA 
ir of 1 yi^o^! 'CdkMtt^ {afttii i^ieUls ^ftfifti 

dfy »ir, twii d«lt in « ftic^ft otit. • - i- •' ■'' 
:::THAr: «<&<gh' Ifr pfAdaiWd by liJeihs df 
^iMl ctfft|t,^ld8rio e^afev ^dif2«^ 



.')t'HA* .Wfiltfe^l obtewidl 'fibrh lh« =tift?<A 
pf diftilled vinegar with md^h^Oy HffdfU^'^h 
befAiAt ^' mfJbrittidh.^W' 1$ coiidfeAfed 
kitrfia ialirte l4»i^», whkhiv vJfeil^ '"w'arfff/ ft 
picremtly ^tough and vifi^'ivoiy mvMdO'm 
{bmbU&ga ibrbog glue boti^in coloaK ^f^ 
Cphfil^ence, and beconies brittle when cold. 

By thefc .experirpents f^agnefia appcjr^ to 
be a fuUftance, very different, from thpie c^f 
th« cakaHous Hafs ; under vHiich I would 
be underftood to Comprehend all thoffe that 
af? 9Qi>ycrt?d into a perfedl ^iji|ck-lime,io ,^ 
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^tong An, ixic\i:9»Jime-Jkm,.maH>ky ebdtt^ 
tbofc fp^s and fnarks which -efierveiicc 
firifh aqua fortis,, aU (tninud JheUs and the 
bodies called litbophfta. . All, of thefe^ by 
iiti^ vjohted-widi acids,: yield a fct of 
«Qin|ft>unds which are v^ different from 
thofe we have juftiilow de£bnbed: Thus, if 
ii:6nliU quantity. /o£> any calcaneus^ matter be 
ffidviped to * fine .-^ppwder -and. thrown into 
'ij^t-otiyitsBil, ii*iis attacked by this acid 
with a brilk -c^r^cfcence.; :bul; Utde.or \nO 
^fi^Jfitipn efiftite^^.r : It abforbs. the acid, and 
j;,en^a^s united: .with it ; ia the form of ' a 
jvhifce ;^po\ydert f^tthe bottom of the' vcflcl^ 
while the liquor has hardly-any,taii$,' jled 
fl^kcwp only a yery light f^^lQii^ upQii the addi- 
fi9i|:0f ai) alkali*. ^ ; i ; •. • ^ "^ ) 

The fijinje yrhite powder i% ajfo formed 
5yhen:fpirir:df. vitriol is add()d to a calca*^ 
cariQttft earth.vdifflblvcd.inj any: other add; 
|h«i yitriolic expelling the other acid> and 
: joining 

• Mr. Mtr^r^ has lately demonftrat^d, bya fct of carious 
*atad 'accurate experiments, that this powder is -of ehe nature,' 
>imd .ppffefles the.^r9pcru«* of the gypfeoaspr fclenitic fub? 
.^ftapces. That fuch;fubftanc?s can be refolvcd into vitriolic 
acic( ancl calcarious earth* and can be jigfiin compofed by 
Joihyng^thefe tw6 ingredients togedier; '" Mem dc TAcad. dc * 
^flcdiiuan. 1750, p. 144. 
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)c»riifigitfelf^o the eirth by> ftronger'aitn^ 
3ion I and rtipon;thi$ account the magmfi^JA 
fca- water fcems to be. diflSecetttJrocn either, of 
tJiofe defcrifofid by Hsffinan. i He fay« ? fex* 
prefily, that the folutions of leaehr of hiapQWjt 
ders, or> what is equiivaient^ that the ligoors 
from which they are obtained^ formed .^Jt 
coagulum^ ahd:depo^d a:'*hilJe;powdciy 
when he added the vitriolic acid^; which 
ex^ierinient'ilnhave often tricdi with: ihe 
marine :bittern, but without;fuSoe6-.:ifigrhe 
toigulum thus formed in the: mother of 
nitre may bcL-owing to a qufli0«i(y:Qf qUiofe 
Hm€ icontainedin^it; ;fox-quisR^UmQ i^tifed 
biextraftingrthe; £dt>tpeti^fnacq it$;«n)i^ixi 
^m it i§,mfQi:e difficultito account fon the^tH^ 
fi^-enise ^between I&ffman\ bitt^flft and^6«ar$^ 
unl^fe we willribe fafiisfiedlo rffer it tpjthi^i 
tjia^^e^ot his from the watecstof faltfprktgfi) 
which may poiSbly he different from th<^ 
of the fea. >• 

' Magnesia is not lejfe: remarkably dvftin- 
guifhed froa» the calcariousrcarths, by joiiiiftg 
it tqjthe nitrQftaaad vegetable acids, than^rto 
the: vjtriolic. Thbfe earths, when combined 
with fpirit of nitre, cannot be reduced to:i 
' ,^^ cryftallinc 

• Hoff. Op. Tc iv. p, 480 & 500. 
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diftilled vinegar, the mixture. ({>ontaneou)fl/ 
^ries-Up intaa-fmbk folt. ^^ .- 
-'<flAyiNG 4hus found '/w^^«^ -to difindtf 
firoinithe corn'm^a alkaKne eftrtii*,:^ thc< obJ€6; 
cf niyinext mqfuwif was ifa^p^^^ degree oi 
sttfa^on: for acids, or wfoat was the plaicd^ 
due to it in: . Mc; Ge^i^f^n^e of xele<fti\fi& 
abrfllAiofls. = " '>:*v:. .. , '..x ; r..'/..i-w;: j- .Ivr 

^ ; Three dlratitt of i^dg^nig^i^iinlHiic pomi^^ 
ffib^ ibunce of jfalt^ammonuor, .anti fix ounces 
tf tx^er weM^tnixiedtogethepy dnd dig^ffkd 
fii'dipfs in ^ Veiotit joined to €i receiver, i 

? 'Diiki»oUhe whole timc/:tlkf:rieck:43fethtt 
retort wm pointed:^ ikt3i^t^ardsy'aMd:thi^ 
4iit^>.wa[t6ry :part of the i^a^UfviWiMch *m« 
^ Ciwipdeiifed there, ffeil back in«o !t« body;*" Iri 
the beginning of khe experlnienf, a volattlrf 
falC'Was Jthefefows^iCoHe&ed fn a^dry forbi-fii 
the receiver, and afterv^ards ^iflblved into 
fpirit. ■-'''■.' 

- When all was cooi; tfo&iid in the r^'ort 
> faline iiquot*, ibme undiffdlve'd magnefia, znd, 
fomc fait ammonia^r cr5^atMz6di» The fdlitafe 
liquor was fcparated. from the other two, and 
then mixed with the .alkaline fpirit. A 



coagulum 
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tdagukrttk was iiimfcdiatetjr iormtA] and a 
magnejia precipitated ii-om the mixwrci 

Tit* magmjin Wfetcfr had* f fcmaiirieci iil the 
tetort, whcii Well Wifc^d' and dried, Weighecf 
two '/CTitpIea and fKleerr' grains. 

Wt? learn by the- hxxt: part of this expeft* 
meIl^^ thai? ifbe arttraf^idrt of the volatile alkali 
for acids is ftroRger ^iftin that of magnefid; 
fince it &f^*ra^ tlwb pdwdfer ftofn the acid 
to v«^i8h*tti«^as joined* * ButitraWtf appears^^ 
that a^gehlle b^li is capable of o^^coOTxn]^ 
this ftr^i^y^itttf^idtti and^bf^radtraHy^ 
elevating the alkali, while \t IctVcs^ the fefi^ 
VOl«lteaCid with lkM'mgn^% r::r 

ilance ill th4 add crif ftiira of of cothtndtvfa)^^' 
taking Qare:tbat tt»e ibkitian befeiidCred ptt^' 
it&i^Mnmii orthi»nOi%>€rjlu0us acid•be^^ 
added. Mix^ witb^thb fbtutioh af dt'am ofi 
magn^'a \& fiw^ powrftji^^ and dl^c^ it in the 
be^t-of bofliivg water abotfl W^trrty four' 
hours ^ then^ dilute t^o oHxture With dboble 
its quantity of water, and ^ftrafe. Th* 
greateft part of the earth now left Iti- the 
fihre id calcarioosi^ and the ILquor which 
pafTed-tkito', if mixed with a did^h«d alkali, 
Vol. IL . t Y ^ yickte- 
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yields a white powder.»j^.largeft portipn. ojE*! 
which 15 jL. true mag^iefia^ : 

From this experiment it appears, that an 
aci4 quits p calcarious earth to join itfelf to, 
tnagnefia ; but the exchange being performed; 
flqwly, Jotnc of.the^/w^jg'wg^tf is^ftill un- 
4iirolved^ and part of the calcarious earth; 
remains yet joined toj^eacid* , 

When ,a fmall quantity of m^gnefia.ip^ 
thrown, into. a folution of .the corrofivefubli-r 
mate of naercury, it foon feparates part of the. 
mercury itt. the forna of a dark red.powdjcr;? 
and is. itfelf diffolved*' \ 

Imagining that lip^rcd^ed fottie refem-v 
hlance, betwefen the propertiea. of tMgn^a 
ai^d thot^'Q^ alkalis, I ws^s led to try whaf 
change ;,this fubftance WQulcl:fiiJSfert ftomtthe? 
addition of: quick-lioie, which altera ^ in Xuch a 
peculiar mannet\ the alkaline faljt^,/ 
: /TwBNTY feyen gi^^ins of tnagnefia in, fine . 
powder were mixed with^eighteen ounces of 
lime-w^^er ip a flaflc, . which was corkjed clofe. 
aijid fhakpn frequently for four days.. During 
this tittle, I frequently dipped into, it little 
bits of/ paper, which were coloured with the 
juice of \kjets.; and thefe became green as 
foon as they touched the water> until the 

fourth 
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fburtW day, when their colour dM %bt feem 
to be altered. The WaScr being- nbw poured 
off,- vfras intirely infipid, and agreed in ever f 
chemical, trial with pure water. The- pow- 
iicr, after ^being perfedtj^ well dried^' weighed * 
thirty feven> grains. It did not diffolVe intirely 
in fpirit of vitriol; but, after a BriJk efFer- 
vefcence, part of It fubfided in the*fariie man- 
ner aS the calc;^fle*fs earths, 'whfen mixed 
with- this acid. : : .- 

, When I firft tried this expferitoent, I was 
at the trouble of digcfting the mixture in the 
hbat of Ijoifing water,' and did' not thela know 
that rfc would fiiccecd- in the'^'Beat 6f the 
air. But Dr i j4/ft^n,^ ^ho has obliged th6 
world with many curious and iifeful difco^ 
veries on the fubjeft of quick-lime, having 
had occafion to repeat it, I learned from him 
that heat is not neceffary ; and he has more- 
over added an ufeful purpofe to which this 
property of magnefiatmy: be applied ; * I mean 
the fweetening of water at fea, with- which 
lime may have been mixe4 to prevent its pu- 
trefaaion. . — - : 

That part of the dried powder- which 
does not diflblve in fpirit of vitriol, confifts of 
the liqie feparated from the water. * - '^ 

* ' \ Quick-lime 
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t^ ««f^#t^> a dbffe AvicQ fire .wreil rdbbed 
log^l^ 9Xi4 iB&itKi^ ly^b a iinai^l qaaotity of 
>J^ater. 

Bv )^eiybTriag«xpfirkne«t8, J pmpofei 
to Jinpw wlacther thk ^bfififH>e could bcrriit 
j^Mced4o ^ quick4i|Ber 

An xwudce c^ nu\^^ vr^ ^xpoCed in it 
prucible faf about an hour p fticfa a heat as 
is fu^cicnt to melt copper. . When talw* 
put. It weighed thre^ dra0s 404 one fcruple. 
Of had lofl -^ of its foiTOct freight. 

J4'e3>eated, with H^tpifig^Jia prepared in 
tbU jnaaner^ rooft of thofi? ei^erjmenti 
J bad ^tt^AyV^^ mpQ9>.lHS!fprc caicinar 
|ion, iii:>d *hp r^fijlt wtt *§ foll^ .. 

It difTolvfs in all chf acid^i and wkfa thefe 
forapofc* jfalts ^aftly fimilar to thofc de- 
fcrihi^ if) th^ fif^A fi^ pf expenments : but 
Vfkat i$ paf ticular ly tp be inemarked, it is dif- 
(olved wiffeoift apy t^oip Ip^ft degree of effer- 
?«icencp. 

, It ilowly ptpcipitajw tbp corrofive fub- 
limatp of mercury in the form p.f a black 

jppwder. 

It i^parates the vcriatile alkali in fait am- 
mQniac frp|!|!i (be acid^ when it is mixec^ 
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inth .^Lvmax^ ibli^kmsjof: tEiat : Mt. . Beit it 
does not feparate an ac^d from a calcariOM 
eairth,^m::does.jb:ifiddpc tiie le«ft change 
upon iimc-watert ^ ..' « 

La^tliTi wbeii a; dribi ^ it is «}|gliftid 
with an oaxnce c^ water^tn a bottle fi>r (bnM* 
boms, it.xte^ a&t makt 4iny the kaft <^dM^ 
in the water. The fnagnefia^ when dried^ ui 
jBauad to have gained ten* gcaiiiss ^but tc neU 
titaa^ ef&rvc&caa wkb adds, ^pc does it liiiW 
AUyaflfeiSfclbnipi^M^ter^ -1 . 

OssE&yiMa tfM^0i;ifo toii lofe fuch li r^ 
nftarkahle p^oportitm of its weight in thfc ^re, 
jny, next .altempts we» dife^ed to the in^' 
ineftigatbn of thU volatile part, and,i ai|f0fi|< 
Otrher ebcperiments^ the ^foUbwing ieeitned^ to^ 
tliraw fonic light upon it* -' - - 

Thi^ce ounces of magnejia were diftilled in 
A glafs retort and receiver, the fire being 
gradually increafed until x\\c nuignefia was 
obfcurcly red hot^ Wheri all was cool, \ 
found only five dram^ of a whitifli water in 
the receiver, which had a faint fmell of th<? 
fpirit of hartfhorn, gSive a green colour to tho^ 
juice of violets, and rendered the folutions of 
^QITpfiyc fqblimate and of filver very (lightly 

tHrbidt 
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ththid. Bat itrdM notlenfiibl^ e&necfce lioth 
iw?id«>.-.. ' ... / -'-•/ :... V- .-.. 
: fX^ifS moffi^^ 5;((hen taken: out 1^. tbcire» 
tort, weighed an ounce, three drams, an^ 
tJyKty grains, or baj^ loft mo^e. than the half 
©C'*^ Wjeightt-.It ftiU effwvefced pretty brilk^ 
^> iV««^ acidis, . jtfao' aot * foi ftrongiy as before 
Ibi^rjoperatioiu ^..-v^r. ; •/:;.'- 
«oTBKB^£(i?e ihoiild have been raifed here: to 
tlM'^dfi^^es^ ro^m^te.fiar the perfect calclnati-^ 
on of magnefia. But even from this. imper^ 
fie^ fiXffcrimeht," it-is evident; that of the to- 
\^Up part^containedrinjthat powdq*, a iitnalt 
prOpottion only is water; the reft cannot, it 
&6m&; \t retained in veftels, under a vifible 
i^!&.*i.Cbenwft« Jiav!ex)ften ohferve^ thear 
diftillations, that part of a body has vaniftied 
j&pfn ithcij: ij^nft^s, notwithftandingthe utmoft 
earetp r^fein it; and they have always found j*^ 
upon further inquiry, that fubtile part to be; 
iiFj, which haying been impirifoned in the* 
bpdy, under a folid form, was fet free and.' 
igndered fluid . and. elaftic by the. fire; We* 
may therefore fafely.iconclude, that the vola- 
^le niatter, loft in the calcination oi magnefiay 
\^ nioftly aix s ^nd lience the calcined' magr- 
.1 ^^^ 
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biot:^ togetherjs, and pei^ii^p^ al^lfl^^.a 
6?i»U ,q«afttit5y!c]f .inflammable :iaj|i|ff wit)]f?fef 
a4b^^,acc44e|vt?;ll)? to .the m^safui, r W-hjen^^ 
CWftC.hepa^-5;.oifiQ<'Wnh -thi? flslti.-t^.^*^ 
^^i^ed "to afcarifelj.its origin lS9;!;feinq «Mffl?lil 

^S: |>»it«id y^e*»bkj; ifvfbOaisf «-.yt «i<i ;thN %h^^ ' 
i¥i^j;?A,waj55SjT4§8«» when::thB3Jipl?js>i«e^ift 
%tP tb*;j?ahJ*<w»i*:f^fthe5,v4liof;v«hi?l> Rlri 
fj^i^ymay iiufl§% of lt»w>^bere;:.is» km^ 
^yj^toPO';dpHbt}?ri?ftl if, carK|feia[)ft'TO^jV,^er.pi97f 
4«j<»d,fipd40|©|lfl9*^;j§fi jSny/ fi}cji,j:^ij5|\jyc§„ . 
^alJl5i«^<jjj&^Y:^Stft|>ltSft«ft4 l&rtar affbr^a. 

confi4sraW^[qH39$ifXi,pf itoiji:An4 km m^ 
%!i^ thepre^qntyi^ance, l^^fvi^poied, ,|t^at 
^ animal Of ^«^t^)>le ma^^fr^^^re^ to. tji?j 
nfegVi^i wM^^i^.-wasdiflphre^.-jby. an iicidj, 
feparated from this by anjalkaH,.,,and wa^-. 
ed^^ifh ib; much water ? • • ;■■■ • ' , 
Twx) ^rams oi magnefia were calcined. in a. 
crucible, ; in.t^ manner defcribed above, and^ 
thus' reduced to two fcruples and twelve. 

grains. 
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grams. Thn ct^'ifled m^iufia was ^kSaVnit 
in a fufficient <|uiuitity ^tpirit of vitrioU tuid 
^erilgaki.£B{ttlra|«d froinihc'add4)f cbcJad' 
cKSdoiiof ' aa^«li^lii, etf which a large quttntk' 

tf 4« tt«ee<rarf lor tliiff' parpoife; ; ThoMX^ 
»^'' being very\well wr»fcc<l-»iid drycd,. 
Wd^ed oM di!aii(& and fifty grnns. It tSuv^ 
vefced tt6l«iitly« or enutt«(l a li^tige qttan«it3^ 
ofiir,' \vheR Ihirowft into acids, fortned a t^ 
powder when mixed ^itb a folicitidn i^ Atti-' 
l^»)i)^i fep^tifl iHe e&k<lrl6ui>: eartbs #b^ 
^icid, 'and fweeffened Hme^'M^r : -and-^adf 
Au^-reed^r«d'all'«hoft j^dpertJc/- whidi- » 
bad Ikit jtifl riow<'k^ by^^jfiat^atidn-: '^'4ii^ 
had ii only recovered itt ■driglnil pr6pe*t*ei;~ 
bftl acquired befidd* -an- add!iti^rt-6f n^eighf 
nearly equal to what Md't>eeift !^ iXi thc^ftire^ 
and] as it is fetf ml to e|%Yv(i^(^ «i^'iidd6^ 
^krt of the addition nntdffi«»feHitlybc air. • ^ 
This air fiierri»'to hate^feedn Airhiflicdl)*^' 
t!ie alkali froni which ifc iwas- feparated bj^ 
the acid j 'i6i Dp. Jfifo/w has ^kariy pr6¥i#i 
that alkaline 'falt« contain a large quantity of 
fixed air, which they emit In great abundance 
when joined to a pure add. In the prefent 
cafe, the alkali is really joined to an acid, but 
without any vifihlc cmiffion of air j and yet 

the 
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the air is not retained in it^ for the neutral 
fait, into which it is converted, is the fame 
in quantity, and in every, other rcfpedl, as if 
the acid ertipioyed had not been previoufly 
faturated with magne/ia^ but offered to the 
alkali in its pure ftate, and had driven the 
air out of it in their confli<ft. It fecms there- 
fore evident, that the air was forced from 
the alkali by the acid, and lodged itfelf in the 
magnefia. 

These confiderations led me to try a few 
experiments, whereby 1 might know what 
quantity of air is expelled from an alkali^ of 
from magnefiay by acids4 

Two drams of a pure fixed alkaline fait, 
and an ounce of water, were put into a Floren* 
tine flafk, which, together with its contents, 
weighed two ounces and two drams. Some 
oil of vitriol diluted with water was dropt in, , 
until the fait was exadly faturated 5 which it 
was found to be, when two drams, two fcru- 
ples, and three grains of this. acid had been 
added. The vial with its contents now 
weighed two ounces, four drams, and fif- 
teen grains. One fcruple, therefore, and 
eight grains were loft during the ebullition^ 
of which a trifling portion may be water, or 
Vol, 11. Z fomething 
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fomething of the fame kind. The reft is 

air. 

The celebrated Homberg has attempted to 

eftimate the quantity of folid fait contained 
in a determined portion of the feveral acids^ 
He faturated equal quantities of an alkali with 
each of tKem y and, obfcrving the weight 
which the alkali had gained, after being per- 
fedlly dryed, took, this for the quantity of fo- 
lid fait contained in that fhare of the acid 
which performed the laturation. But we 
learn from the above experiment, that his efti- 
mate was not accurate, becaufe the alkali lofes 
weight as well as gains it. 

Two drams of magnefia^ treated exaftly 
as the alkali in the laft experiment, were juft 
diffolved by four drams, one fcruple, and fe- 
ven grains of the fame acid liquor, and loft 
one fcruple and fixteen grains by the ebulli- 
tion. 

Two drams of magnefia were reduced, by 
the adion of a violent fire, to two fcruples 
and twelve grains, with which the fame pro- 
cefs was repeated, as in the two laft expe- 
riments 5 four drams, one fcruple, and two 
grains of the fame acid were required to com- 

pleat 
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pleat the folution, and no weigbt was loft in 
the expcrimient. 

As in the reparation of the volatile from 
the fixed parts of bodies, by means of heat, 
a fmali quantity of the latter is generally rai- 
fed with the former • fo the air and water, o- 
rjginally contained in the. magnefiaf and after- 
wards, diffipated by the firci fccm to have 
carried off a fmall part of the fixed earth of 
this fubftance. This is probably the rea- 
fon, why calcined magnefia is faturated with 
a quantity of acid, fomewhat Ids than what 
is requiried tp diffolve it before calcination : 
^nd the fame nia}^ be afiigned as one caufe 
which hinders us from raftering the whole of 
its original weight, by folution and pifecipija- 
tion; ■ ' . 

I took care to dilute the vitriolic acid, in 
order to avoid the heat and ebullition which 
it would otherwifc have excited in :$he water 5 
and I chofe a Florentine flalk, on^ account of 
its lightnefs, capacity, and (hape, wtjich is 
peculiarly adapted to the experiment ; for 
the vapours raifed by the ebullition circulated 
for a (hort time, thro* the wide cavity of the 
vial, but were foon colledted upon its (ides, 
like dew, and none of them feenied to reach 

the • 
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the neck, which continued perfe£tly dry to 
the end of the experiment. 

We now perceive the reafon; why crude 
and calcined magmjia^ which differ in many 
refpe<Ss from one another, agree however in 
cotnpofing the fame kind of fait, when dif^ 
folved in any particular add \ for the crude 
magnefia fecms to differ from the calcined 
chiefly by containing a confiderable quantity 
of air, which air is unavoidably difHpated 
^nd loft during the diflolution. 

FiioM our experiments, it fecms probable,' 
that the increafe of weigll^ which fome me-^ 
tals acquire, by being firft diflbived in acidsy 
and then f^parated from them again by alkalis, 
proceeds from air furnifhed by the . alkalis. 
And that in the aurumfulminam^ which is pre- 
pared by the fame means, this air adheres to 
the gold in fuch a peculiar manner, that, in 
a moderate degree of heat, the whole of it 
recovers its elafticity in the fame inftant of 
time ; and thus, by the violent fhock which 
it gives to the air around, produces the loud 
crack or fulmination of this powder. Thofe * 
who will imagine the explofion of fuch a mi- 
nute portion of fixed air, as can rcfidc in the 
|Sf^rw/» JulmimnSy to be infufiicient for the 

fXceffiye 
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acapffivt loudnffs of tibe jjoife, wiil cpjifi^ 
der, that it is n^tji largf?:q»aptity of mQtioa 
QqmmnniQ^tfii^ tjie m, t)V!t rather a ^rt 
Aroke which produces ib^d, and thgt theqjc.^ 
glofion of bpr ?hf^,^PSk^ of fixed air xBgy; 
h^ <?apabk pf .c^ufipg ^ lQju4.i^aifc, pjoyiddl 
they all recover thpir fpriogiUddenly^ md in 
th^ f^mc infl::attti, . / ::.... 

The above experiments lead us alf<[> fio 
cpnckid^?, that vo^^tiLe al)iali$t andthecom- 
rooji , abforbejajj esrth^i whi^biJofe t^ei|-,,^f 
by being, joined to acids^ bijt: (hew evicj^nt 
fign^ of th^eijc .hayiDg recpyered". it, when fe- 
pairated ffom^thcm by al^ali&i received it frofli 
thefe alkalis.whichloft.it in..the inft^t oif 
their Joining with the ^cid, . 

Th^ followipi^ are a few" experiments upon 
thre? of the abfprt^nt earths/ in order 

to compare thcnji with one another, and witK 
magnejia. ' . 

Sufpe<5ting i^i^tniagnefia might poffibly be 
po other than a common c^lcarious earth; 
which had changed its nature,. by having been 
previoufly combined with an acid, I fatura- 
ted a fmall quantity of chalk with the muria- 
t}9 acid, feparated the acid from it again by 

fueans 
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fneans of a fixed alkali, atid carefully wafli- 
ed away the whole of the fait. 

The chalk when dryed was not found to 
have fufFered any alteration ; for it effer^ef- 
ced with the vitriolic acid, but did not diflblvfc 
in it 5 and when cxpofed to a violent fire, 
was converted into i quick-^lime, in all re- 
fpeds fimilar to that obtained from common 
chalk. 

In another experiment of the fame kind, 
I ufed the vitriolic acid with the fame event. 

Any calcarious matter reduced to a fine 
powder, arid thrown into a warm folution of 
alurii, immediately raifes a brifk effervefcence. 
But the powder Is not diflblved'V it is rather 
increafed in bulk : and if the addition be re- 
peated until it is ho longer 2[ccompanied witji 
effervefcence,, the liquor Jofes all tafte of the 
alum, and yields only a very light cloud upon 
the admixture of an alkali. 

From this experiment we learn, that acids 
attract: the calcarious earths more ftrpngly 
than they dp the earth of alum ; and as the 
acid in this fait is exaftly the fame with the 
vitriolic, it compofes w:ith , the calcarious 
earth a neutral fubftance, which is very diffi- 
cultly foluble in water, and therefore falls, 

down 
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down to the bottom of the veffel along with 
the earth of alum which is deprived of ks 
acid. The light cloud formed by the alkali 
proceeds from the minute portion of the 
calcarious compound which faturates the 
water. 

The earth of animal bones, when reduced 
to a fine powder and thrown into a diluted 
vitriolic acid, gradually abforbs the acid in 
the fame manner as the calcarious earths, 
but without any remarkable efFervefcence. 
When it is added to the nitrous or to the 
muriatic acid, it is flowly diflblyed. The 
compound liquor thence produced is ex« 
tremely acrid, and' ftill changes the colour of 
the juice of violets to a red, even after it is 
fully faturated with the abforbent. Diftilled 
vinegar has little or no efFed; upon this earth; 
for after a long digeftion it ftill retains its 
four tafte, and gives only a light cloud upon 
the addition of an alkali. 

By dropping a diflblved fixed alkali into a 
warm folution of alum, I obtained the earth 
of this fait, which, after being well wafhed 
and dried, was found to have the following 
properties. 

It 
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, It is 4iflblved ih every acid bat very 
flowly, unkfs affifted by heat- The feveral 
dilutions, when thotooghly iaturated, are all 
aftringent with a flight degree of an acid 
tafte, and they aifo agree with a folution of 
alum in this, that they give a red colour to 
the infufion of turnfol. 

Neither this earth, nor that of animal 
bones, can be converted into quick*-lime by 
the ftfongeft fire, nor do they fuffer any 
change worth notice. Both of them feem to 
attrafl: acids but weakly, and to alter their 
properties lefs wheti united to them than the 
other abforbents* 



Part II. 

IN reflefting afterwards upon thefe expe- 
riments, an explication of the nature of 
lime offered itfelf, which feemed to account, 
in an eafy manner, for moft of the proper- 
ties of that fubftartde. 

It is fufHcicntly clear, that the calcarious 
earths in their native ftate, and that the 
alkalis and magnefia in their ordinary condi- 
tion, contain a large quantity of fixed air, and 

this 
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thisair certainly adheres to them'witii cohfi- 
derable force, fincc a fltong fire iS-ii^effery' 
to feparate it from liiagnefia,' and the-ftron^cft 
is not fufficient to ifxpell it entirely from fixcjl 
alkalisi or take aWay thfeir pbwercf effervcf-*: 
cing with adid fairs." :^ . i;. -: 

These confideratiortS 'ledf me to conclude, 
that' tK^e' 'relations between fixed' ifr and.al- 4 
kaline fuBftances was fotoewhat fimiliir to the 
relation between thefe and acids 5 that as the 
calcarious earths and alkalis .attria<a acid? 
ftrong;ly and can be . faturated with theiiii 
fo they alfo attrail fixed air^ and' are in tlieir 
ordinary ftate faturated with it : and when we 
mix an acid with an alkali or with aa abfof - 
bent earth, that the air is then fet at liberty,' 
and! breaks out with violence; becauife the al- 
kaline body attracts itrOiore Weakly than it does 
the acid^ and becaufc. the acid and! air cannot 
bpth be joined' to the fame body at the fame 
time* . 

I alfo imagined, that, when the calcarious 
earths are expofed to the aftion, of a violent 
fire, apd' are thereby converted intd quick- 
lime, they fuffer no other change in their 
compofition than the lofs of a fmalL quantity 
pf water and of; their fixed dr. The re-: 
V.0J5. IL A a markablc 
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mark^l^le: acrimony which we perceiye iiv 
them after this procefs, was not fuppofed to 
proceed from: any additional matter received 
in the fire, butfeemed to be an eflential pro- 
perty of the pare wrth» depending, on aa 
attraftion for thofe feveral fuWlaoces which 
it then became, capfibje of corroding or dif- 
folving, which attradtion had been infeoilble 
as long as the air adhered to the earth, but 
discovered itfelf upon the feparation. 

This fuppofition \yas founded upon an ob- 
fervation of the moft frequent confequehces 
of combining bodies in chemiftry. Com- 
monly when we join two bodies together, 
their acririiony or attradtion fot other fub- 
ftances becomes imm[ediately either lefs per'- 
Ceivablc or entirely ihfehfible -, altho' it wa^ 
fufficiently flrong arid remarkable befpre 
their union, * and may be r^riderfed evident 
again by disjoining them. A neutral fait, 
which is compofed of an acid and alkali, does 
not poflcfs the acriqiony of either of its corf- 
ftituent parts. It can eafily be feparated from 
water, has little or no tffcA updn metals, i^ 
incapable of heing joined to inflammable 
bodies, and of corroding and diflblving ani- 
mals and vegetables ; fo that the attradlioii 
both of the acid and alkali for thefe feveral 

fabftances^ 
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lubftances feems to be fufpended till they are 
again feparated from one another. 

Crude lime was therefore confidered as a 
peculiar acrid earth rendered mild by its 
union with £xed air : atnd qaick-^iijtne as the 
fame earth, in which, by having feparated 
the air, we difcover that acrimony or attra- 
ction for water, for animal, vegetablei and ^ 
for inflammable fubftanccs. 

That the calcaribus earths really lofe a 
large quantity of air when they are burnt td , 
quick-lime, feems fufficiently proved by an 
experiment of Mr. Margraaf'^y an exceeding- 
ly accurate and judicious Chemift. He fub- 
jeded eight ounces of ojieocolla to dift illa- 
tion in an earthen retort, fini'fliing his procefs 
with the mod violent fire of a revirbcratory, 
and caught in the receWer only two drams of 
water, which by its fmeil iand properties 
(hewed itfelf to i)e flightly alkaline. He does 
not tell us the weight of the ojieocolla re- 
maining in the retort, and only fays, that it 
was converted into quick-lime j but as ho cal- 
carious earth can be converted into quick-lime, . 
or bear the heat which he applied without 
lofing above a third of its weight, we may 

- fafely 

J^ Mem. de TAcad. de Berlin, an, 1748, p, 57, 
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fafely concjade, that the lofs in hU expcrU 
ment was prjCfportioaal, and proceeded chiefly 
from the diflipation of fixed air. 

Acf 0EJ>ING to our theory, the relation of 
the caJcariQUJ earth to air and water appeared 
to agree with the relation of the fame earth 
to the vitriolic and vegetable acids. As 
phalk for inftance has a ftronger attradion 
for the vitriolic than for the vegetable acid, 
^nd is diil^lved with more difHculty when 
ponibined with thp firfl, than when joined to 
^he fecqnd: fo.it alfo attracts air more 
llrongly than water, and is diffolved with 
more difficulty when faturated with air than 
when cpoipoupded with water only. 

A cfilcaripus earth deprived of its air, or 
in the ftate of quick-lime, greedily abforbs a 
confiderable cjuantity of water, bepomes fo- 
luhle in that fluid, and is then faid to be 
flaked ^ but as fpop as it mcfets with flxed 
air, it is fuppoffd to quit the water and join 
itfelf tp the air, for which it has a fuperior 
attraftion, and is therefore reftored to its 
firfl ftate of n^ildnefs and infolubility in 
water. 

Wheji flaked lime is mixed with water, 
ihp fixed air in the watc^ is att^J^ftcd by 

...;: •-' * i ■-, tt^f 
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the lime, and faturates a fmall portion of it, 
which then becomes again incapable of diiTo- 
lution, but part of the remaining flaked liaae 
k diiTolyed and compofcs licne-water, 

If this fluid^beexpofed to the opejn air, 
jthe particles of qtiick-ilirne which are neareft 
the furface gradually attraft the particles of 
fixed air which float in the atmofphere. But 
at the fame time that a particle of lime is^thus 
faturated with air, it is alfo reftored to it$ 
native ftate of mildnefs and infolubility j and 
as the whole of this change muft happen at 
the furface, the whole of the lime is fuc«i- 
ceiiively collected there und^sr its original 
form of an iniipid calcaneus earth, called the 
creani or crufts of lime-water. 

When quick-lime itfelf is expofed to the 
open air, it abforbs the particles of water 
and of fixed air which come within its 
fphere of attraction, as it meets with the firft 
of thefe in greateft plenty, the greateft part 
of it aflumes the form of flaked lime 3 the 
refl: is reftored to its original ftate ; and if it 
be expofed for a fufiicient length of time, the 
whole of it is gradually faturated with air, to 
Ijyhich the water as gradually yields its place. 
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We have already (hewn by experiment^ 
that magnefia alba is a compound of a pecu* 
Kar earth and fixed air. When this fubdance 
is mixed with lime<-water, the lime (hews a 
ilronger attraction for fixed air than that of 
the earth of magnefia ; the air leaves this 
powder to join itfelf to the lime. And as 
Jieither the lime when faturated with air, 
nor the magnefia when deprived of it, are 
foluble in water, the lime-water becomes per- 
fedly pure .and infipid, the lime which it 
contained being mixed with the magnefia. < 
But if the magnefia be deprived of air by cal- 
cination before it is mixed with the lime- 
water, this fluid fufFers no alteration. 

If quick-lime be mixed with a diflfolved 
alkali, it likeways (hews an attradion for 
fixed air fuperior to that of the alkali. It 
robs this fait of its air, and thereby becomes 
mild itfelf, while the alkali is confequently 
rendered more corrdfiye, at difcovers its na- 
tural degrpe of acrimony or ftrong attradlion 
for water, and for bodies of the inflammable, 
and of the animal and vegetable kind; which 
attraftion was lefs perceivable as long . as it 
\yas faturated with air. Apd the vplatib 
laik^li when deprived of its air, befides this 

attradioa 
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altradion for various bodieSj c^fcovcrs Kke- 
ways its natural degree of .volatility, whiph 
was formerly fomewhat reprefied by the air 
adhering tait^.in ^tbe* fame maaoer as it .is re^ 
preffed by the -addition of an acid^ , . % 

This account of lime and alkalis recqpsf 
mended itfelf by fits fimplicityi apd by afford^ 
ing an eafy folution of m^^y ph^enomenay h^ 
appeared- upon a nearer view to, be attended 
with confequences that were fo very Jnew and 
extraordinary, as to render fufpieious die 
principles from which they were drawn. , 

Irefolved however to examine, in a parti- 
cular manner, fuch of thefe confequences aa 
were the moft unavoidable, and found* the 
greateft number of them might be reduced 
to the following propofitions : 

I. If we only feparate a quantity of, aic 
from lime and alkalis, when we render them 
cauftic they will be found to lofe part of their 
weight in the operation, but will fatufate the 
Tame quantity of acid as before, and the fa- 
turation will be performed without effer- 
vefcence. 

IL If 
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il. If- qafck-lime be no other than a eal- 
feirious earth ifepriVcd of its air, and whofc 
attradion for fixed air is ftronger than that of 
alkalis-, it foWows; that, by adding to it a fuf- 
ficient quantity of ialkali faturated with air, the 
lime will recover' the whole of its air, and be 
entirely reftored to its original weight and con- 
ffition't and it alf6' foUov^sy-that the earth le- 
paratcd from lime-water by ah alkali, is the 
lime which was diflblved in flie water nov^ 
reftored to its original mifd and infoluble 
ftate;' 

' ni. If it be fuppofed that flaked lime does 
ixot contain any parts which are more firey, 
adlive or fubtile than others, and by which 
chiefly it communicates its virtues to water'; 
but that it is an uniform compound of lime 
and water : it follows, that, as part of it can 
be difTolved in wker, the whole of it is alfo 
capable of being diflblved. 

IV. If the acrimony of the cauftic alkali 
does not depend on any part of the lime ad* 
hering to it, a cauftic or foap-ley will confe* 
quently be found to contain no lime, unlefs 
the quantity of lime employed in making it 
^ere greater than what is juft fufficient to 
extraO: the whole air of the alkali -, for then 

as 
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as much of the fuperfluous qtaick^lime might 
poffibly be diflblyed by the ley as would be 
diffolved by pure water, or the ley would 
contain as much lime as lime-water does. 

V. We have fliewn in the former bxperi^ 
ments, that abforbent eardis lofe their air 
when. they are joiaed to ah acid 5 but retovec 
it, if feparated again froni that acid, by means 
of an ordinary alkali : the air pafling from 
the alkali to the earth, at the fame time that 
the acid paffes from the earth to th^ alkali. 

If the cauftic alkali therefore; be deftitute, 
of air, it will feparate magneiia from an acid^ 
under the form of a.magnefia free of air^ 
or which will not efFervefcc with acids ; and 
the fame cauflic alkali will alfo/eparate a, caU 
carious earth from acids under the form of 
a calcarious earth deilitut^ of air, J>ut;fatu« 
rated with water, or und^r the form of flaked 
lime. 

These were all neceffary conclufions from 
the above fuppofitions. Many of them 
appeared too improbable to deferve any fur- 
ther attention : fome however, I found upon 
refledion, were already feconded hy expe- 
rience. "Thus Hoffman has obferved, that 
quicklime does not effervefce with fpirit of 
Vol. II. . B b vitriol. 
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yitriaF 5 and. it is well, known that the cauftic 
fpirit of urine, or of fait ammoniac, does not 
emit air, when mixed with acids. This con- 
iideration i^xcited my curiofity, and determin-t' 
ed me to inquire into the truth of them all 
by. way of experiment. I therefore engaged 
myfelf ina fet of trials ; the hiftory of which 
is here fubjoined. Some new faftis arp like- 
ways occafionally mentioned ; and h^re it 
will be proper to inform the reader, that I . 
have never mentioned- any without fatisfying' 
niyfelf of -dieir' truth by experiment, tho' I 
have fometimes taken the liberty to negledt 
defcribing the experiments when they feemed 
fuffflciently obvious/ 

Das1[Rin<S^ to know bow much of an acid^ 
a calcarious earth will abforb, and what* 
quantity of air -is expelled during the diffolu- 
tion, I faturated two drams of chalk with 
diluted fpirit of fait, and ufed the Florentine 
flafk, as related in a fimilar experiment upon 
magnefia. Seven drams and one grain of 
the add finiftied the diflblution, and the chalk 
loft two fcruples and eight grains of air. 

Tpis experiment was neceflary before the 
following, by which I propofed to inquire 

intor' 

* HoiF, Op. T. iv. p. 486. ; 
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into the truth of the firft propofition fo far 
as it relates to quick-lime. ' 

Two drams of chalk were converted into 
a perfcft quick-lime, and loft two fcruples 
and twelve grains in the fire. This quick- 
Bme was flaked or reduced to a milky liquor 
with an ounce of water, and then diffolved 
in the »feme manner, and with the fame acid; 
as the two drams of chalk in the preceding 
experiment. Six drams, two fcruples and ' 
fourteen grains of the acid finiflied the fatu- 
ration without aiiy ienfible eflfervcfcence or 
lofs of weight. 

It therefore appears from thefe experi- 
ments, that no air is feparated from quick- 
lime by an acid, and that chalk faturates 
nearly the fame quantity of acid after it is 
converted into quick-lime as before. 

With refped to the fecond propofition, I 
tried the following experiments. 

A piece of perfed quick-lime made ffon* 
two drams of chalk, and which weighed one 
dram and eight grains, was reduced to a very 
fine powder, and thrown into a filtrated mix- 
ture of an ounce of a fixed alkaline fait and 
two ounces of water. After a flight di- 
geftion, the powder being well wallied and 

dried. 
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dried, weighed one dram and fifty eight 
grains. It was. fimilar in every trial to a fine 
powder of ordinary chalk, and was therefore 
faturated with air which muft have been fur- 
niOied by the alkali. 

A dram of pure fait of tartar was diflblved 
In fourteen pounds of lime-water, and the 
powder thereby precipitated, being carefully 
colieded and dried, weighed one and fifty 
grains. When expofed to a violent fire, it 
w?is converted into a true quick-lime, and 
had every other quality of a calcarious earth. 

This experiment was repeated with the 
volatile alkali, and alfo with the foffil or al- 
kali of fea-falt, and exadlly with the fame 
event. 

The third propofition had lefs appearance 
of probability than the foregoing ; but, as 
an accurate experiment was the only teft of 
its truth, I reduced eight grains of perfeft 
quick-lime made of chalk, to an exceedingly 
I fubtile powder, by flaking it in two drams of 
diftilled water boiling hot, and immediately 
threw the mixture into eighteen ounces of 
diflilled water in a flafk. After fliaking it, 
a light fediment, which floated thro' the li- 
quor, was allowed to Ipbfide j and this, when 

collected 
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coUcftcd with the grcatcft care, and drycd, 
weighed, as nearly as I could guefs, one third 
of a grain. The wjiter tafted ftrongly of the 
lime, had all the qualities of lime- water, and 
yielded twelve grains of precipitate, upon the 
addition of fait of tartar. In repeating this 
experiment, the quantity of fediment was 
fometimes lefs than the above, and fometimes 
amounted to half a grain. It confided part- 
ly of an earth which effervefced violently 
with aquafortis^ and partly of an ochry pow- 
der, which would not diiTolve in that acid. 
The ochry powder, as it ufually appears in 
chalk to the eye, in the form of veins running 
thro' its fubftance, muft be confidercd only 
as an accidental or foreign admixture ; and, 
with refpeft to the minute portion of alkaline 
earth which compofed the remainder of the 
fediment, it cannot be fuppofed to have been 
originally different from the reft, and incapa- 
ble, from its nature, of being converted into 
quick-lime, or of being diffolved in water j 
it fecms rather to have con fitted of a fmal! 
part of the chalk in its mild ftate, or fatu-* 
rated with air, which had either remained, for 
want of a fufficicnt fire to drive it out entirely j^ 
qx had been furnifhed by the diftilled water. 

I 
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I indeed expefted to fee a much lar^r quan- 
tity of fedimcnt produced from the lime^ on 
account of the air which water ^onftantly con- 
tains, and with a yiew to know whether wa- 
ter retains its air when fully faturated with 
lime, a lime-water was made as ftrong as pof- 
fible J four ounces of whith were placed un- 
der the receiver of an air-pump, together with 
four ounces of common water in a vial of the 
fame fize ; and, upon exhaufting the recei- 
ver, without heating the vials, the air arofe 
from each in nearly the fame quantity : from 
whence it is evident, that the air, which 
quick-lime attradts, is of a different kind from 
that which is mixed with water. And that 
it is alfo different from common elaftic air, is 
fufficiently proved by daily experience ; for 
lime-water, which foon attrafts air, and forms 
a cruft when expofed in open and (hallow vef- 
fels, may be preferved, for any time, in bot- 
tles which are but flightly corked, or clofed 
in fuch a manner as would allow free accefs 
to elaftic air, were a vacuum formed in the 
bottle. Quick-lime therefore does not attra<5t 
air when in its moft ordinary form, but is ca- 
pable of being joined to one particular fpecies 
only, which is difpcrfed thro' the atmofphere, 

cither 
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other in the ftiape of an rxccedingly fubtile 
powder^ or more probably in that of an ela- 
ftic fluid. To this I have given the namfc of 
fixed ajr^ ailicf perhaps, very improperly ; hui 
I'tbojiight it bf ttcr to ufe a; \irord already fa:- 
miliar in philofpphy, than: Jq, invent a news 
name, before ;We be more fully acquainted 
with the nitufe And; proper ties of this fub-- 
ftance, which will probably be the fubjed of 
my further ioqijlry. 

It is, perhaps, fieedlcfs. tOr fijention here, 
that th^ calcarlous fubftances ufed in making^ 
the above experiments jQiouldbciof the pureft 
l5:ind, and bprnt with the utmoft violence of 
heat, if we would be fure of converting them 
ifttp' perfect quick-lime. I therefore made ufe 
of chalk burnt in a fmall covered crucible with' 
the fierceft fire of a Black-fmith's forge, for 
half an hour, and found it neceflary to employ, 
for this purpofe, a crucible of the Aujlrian 
kind, which refemble black lead 5 for if any 
calcarious fubftance be heated to fuch a degree* 
in an ordinary qv' Heffian crucible, the whole, 
of it is melted down, together with part of the 
vcffel, into glafs. 

I now prepared to inquire into the pro- 
perties of the cauftic alkali^ in order to which, 

I 
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I made a cauftb or fbap ley in the following 
manner. 

TwEi^TY fir ounces of very ftrong quick- 
lime made of chalk, were flaked or reduced 
to a fort of fluid [mfle, with eleven pounds 
of boiling water^ and then mixed in a glafs 
veffcl with eighteen ounces of a pure fixed 
alkaline fait, which had been firft diflblved 
in two pounds and a half of water. This 
mixture was (haken frequently for two hours, 
when the a<H:ibn of the lime upon the alkali 
was fuppofed to be over, and nothing remain- 
ed but to feparate them again from one ano-* 
ther. I therefore added 12 pounds of water, 
ftirred up the lime, and, after allowing it to 
fettle again, poured oflF as much of the clear 
ley as poffible. 

The lime and alkali were mixed together 
under the form of a very thick milky liquor 
or fluid pafte 5 becaufe they are thus kept in 
perpetual conta£t and equal mixture until 
they have aded fufficiently upon one another: 
whereas in the common way of ufing a larger 
quantity of water, the lime lies for the moft 
part at bottom, and, tho' flirred up ever fo 
often, cannot exert its influence fo fully upon 

the 



Digitized by VjOOQ IC 



PHYSICALiAND LIXEkARX: ipt. 

fevery. part ofj the lifiupr,- : .M : > < fj 

. ;T»B above ley was fouad opontri^l.tjJrbe 
fatumted: by acids; withQQt thd, leaft effer^^ 
cence or diminutiojl of weight* . ^ * ; ,i 

: I,T was now; proper. -to examine whether 
the alkali fufFered any loft b .'be^orfciAg 
ca^fti€^• which J propofed to attempt jby aT-- 
certajiiiag the ftrength of the ley, or- thd 
quantiity of fait, which a giveh: .porfiori of it 
contain^ed J from-: which bj^ / computatioii 
feme ip4perfe<5t knowledge: rwgfat Im Obtained 
of the quantity )t>f ciuftk: producfed ibom ihs 
eighteen ounces of n»ld' fait. :: : ,i j /..i 
I therefore . eviporated fonje of 'tny l^yi 
but foott perceived thit lio ^^ertaifli jjidgmeif^ 
coujd be forriied.of its ftrength in. this way^ 
becaufe it always abfprbed a ax>fiderabW 
quantity of air during the evappjation, :afl(J 
the^ dtied fait made a pretty briik t^ctytfr 
cence with acids^ ^9 that th< ley appeare4 
flronger than it really was s and yet, ^ uppgi 
proceeding ih the (sftimate frOQU^this rudq 
and unfair trial, it appeared that the fait hfl4 
loft above a fixth ia becoming cauftic, and 
the quantify of acid fatui!ated by two dram$ of 
Vol. IL Cc it 



Digitized by VjOOQ IC 



ioi ESSAYS AND OBSERVATION'S 

it was to the quantity of acid faturated by twcr 
drams of fait of tartar, nearly as fix to five. 
' These experiments are therefore agreeable 
to that part of the fecond propofition which 
relates to the caufl:ic alkali. 

Upon fetther examining what changes the 
alkali had undergone, Ifound that the ley 
gave only an exceeding faint milky hue ta 
lime-water j bccaufe the caufiic alkali wants 
that air by which* fait of tartar precipitates, 
the lime:: When a few oonces of it were 
expbfed in' ah open (Hallow vcffel for four 
and twenty hours, it imbibed a fmall qiian* 
tity of air, and made a flight effervefcence 
with acids. After a fortnight's expofure in 
the fame mianner, it became entirely mild, 
effervefced as violently with acids, arid had 
the fame effed upon lime-water as a folutior> 
of an ordinary alkali. It likeways agrees 
with lime-water in this refped, that it may 
fee kept in clofe veflclsv or even in bottles 
which are but ftightly covered, for a confide- 
fable time, without abforbing a fenfible quan- 
tity of air. 

In order to know how much lime it con- 
tained, I evaporated ten ounces in a fmall 

. filver 
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Slmtsdifh over a lainp; ^md meltpd ihe- flit, 
after having diffipated the water"** cr. ..: .: 
, TuM cauftic thii^ :(>rp(ki<^ iiiia^.diiSblYed 
again 'intaTniall. jipi^Qtk}r!of twater^ .and dfiit 
poiitedla tfiflu»|^ pQiftion of fedinient^ 1 which 
I imagined kt fii!ftf.t0 he: Un^ ^ hiit finding 
that it ; oorildi fiafiOiy vb« rdiffolved in .a. little 
more .water,* * cbncludedi it to.hea vitriblated 
tartar, which always accompanies th&:£xe4 
ftlkali,of vcgctaWes.;: . " : ; - , o * : . >/ 
. I then iatucatcdthfe folution of: th6:cattftfe 
fait with fpirit of vitriol/ expecting thus. to 
detefttthe Ume.5 bccaufe that acid. precipi- 
tates a calcariows earth from its ordinary folur 
tions« During the iktoration, a. Urge qua^r 
tity of white powder. iMfas. formed; but this 
like ways turned out ta be a vitriolated jtartar^ 
which had appeared: in the form of a 
powder, hecaufe there was not enough of 
water in the mixture to diffolve it. . 

Lastly 

* This evaporatioa was performed in a iilver di(h, on ac- 
count of the acrimony of the ftU; which is fo^ very great, 
that, having once evaporated a part of the fanie ley in a 
bowl of Englifli earthen or ftone ware, and melted the caufiic 
with a gentle heat, it corroded and diffolved a part of thp 
bpwl, and left the infide of it pitted with fms^ll holes. 
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. LAim.ki^ 'imxp^ed a^ftiv^ ounces 'o£c^ 
ley in an 6pen ihaUbw v^ffeL faibffgi thit 

and feem^ imtiVdyte&md. to tb? ilaiepf 
abi bvdmarf fixed) jlk»tiip^ t^-^it xdidj^hot 
}io^i90vbrddpQfke a iihgWaital of ham, r akhd 
to: kfiure 'myfelf t^t iriy pauftid l<gp was:)nQt 
bf-u. fibular kind, I'repebt!ed'ithe)^faiBne;eirf 
|)erimrab «rkh;4ii €»:dinary foap^ityn^and 
with one made by mixing one- pajt'of a^pure 
^ad alk4al)in^^&it with ^t^i psrts^ of cotklmon 
Utone UnS^'Irelh fkked arid -fifted {^ nor could 
I^ifcoterany limo in eirliei?. Tbe.firft of 
thefe coatkintd k finall <i[Uantity of brim(Vone; 
nnd wa9 f&r^ ^om bdng plerfedly cauilic, for 
It n^ade^si pretty briik effefvefcence with 
dckts ; 4>t2t the laft ivas ib entirely deprived 
4df its aior^ that it did not dimiiiiih t& the leajQ: 
the transparency of lime-water. 

Th j:sE experiments, fccan therefore tq fup*- 
port tl^ fpurth propofition, and to fhev^ 
that the cauftic alkaU does not contain any 
lime. 

\As itjecms probable^ from the quicknefs 
and eafe wherewith the alkali was rendered 
cauftic, that more lime had been employed than 
what was juft fqfficient to extradl the whole 
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df^dsair, we are^rprifdd to^fimi that.Httl^ 
or none of thcftiperfiuous' quick-Iimc M^ 
diffdlvti by the twaten But ih\p phantminon 
will becQiiie:;lDr9:im:pu2:ing^\bj! CQin paring Jc 
Jwith.iTome fiaiikfi toflancca rin -xhenuiltry* 
<Witer ma}? fabrima^ to depoiite ; ^ falt^ iby 
thec^mixture: pf ;a !fubO:acts:e .wh tck' it attmd^ 
Inofe^ftrongiyithanit ,does: that fait ; ' ibxik 
A&^nirit of :;^v^Ci^ tand quick^iina^ hif^^lJOftf 
4)9 feparate^ ftoht>^ater ttpon the facDe prior 
ciple.) for if idaat^f^irit isiadded * tg: an , aif^filL 
Quantity of liinei^Wciter, thonvwture becomes 
ttirbid and d?p6fitcs a jfediinent, >j^hich, whan 
feparated and!< diilblved agam I'm ^iHiiUed war 
teri com jtofiaaiime- water- We m^y there- 
fore refer the above pbanpmeriony with refpe6k 
to the ley, to the fame caufe with thcfc, and 
fiiy> that the water did not diffolve the lime, 
/becaufe it already contained a cauftic alj^ali, 
-£br .which it has a fuperior jittradion. 
:?' I alfo rendered the volatile alkali caijftic, 
Jin order to exajpi^what change it fuiFered 
fin. the operation, aWr obtained an exceedingly 
volatile and acrid fpirit, which neither effer- 
vefced with acids, nor altered in the leaft the 
.ff^fjfp^rency of lime-water ; and, altho' ve- 
ry 
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ry ilirbng, wks lighter than water, and Soat^ 
cd lipon' it like'fpirit of wiiie; ' — . 

I next inquired into the troth of the fifth 
jprppofition, in'the following manner* !' 
. ; Two drams of epfom-falt were diflblved in 
^^n)tdl quantity, of water, and 'thrown into 
two ounces of the cauftioJ^. $:the QodxtuKinr 
^ntly became •* thick, like ' a deco^on of 
(tarch or barleys 'by the nagnefia^ which 
-w^a¥ip*0cipitatfed. : I then added, fpirit ,of vi« 
triol' by degrees, until die .mixture became 
^perfedly clear, or the wholeof the magneQa 
was again dilTolved 3 which hapjpened wHbt 
out any cfFervefcchce Or emifiion of air. 
' Half an ounce of chalk was difiblved in 
fpirit of falti— the quantity of which was {o 
-adjuftedi that the mixture was not acid in 
the leaft degree 5 and the folution was thrown 
into twelve ounces of the cauftic ley ; which 
quantity I found, by experiment, to be fuffi«- 
cient for precipitating almoft the whole of the 
chalk. I now filtrated lUs turbid liquor, ancl 
laid the ppwder remaining in the paper upon 
a chalk-ftone, in order to draw as much of 
the water from it as poffible, and thereby re- 
duce it to the form of a more denfe and hea- 
vy powder, that it might fubfide the more 

perfectly 
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{ferfedly in the following part of the experi-^ 
ment^ I then mixed it with about twenty 
ounces of pure water in a flafk> iand, after al-; 
lowing the poWder to fubfide, pouffed off the 
water, which had all the qualities of lime-* 
water. And 1 fuccefSvely converted dght 
waters more into lime-water, fevcn of thefe 
in the fame quantity, .and with the fanie ma- 
nagement, as the firft. The eighth was lijcc- 
ways in the fame quantity r hut I allowed it 
to reniain with the. chalk, and fhodk it fre^ 
quently, for two days. ThiS^ after being fil-^ 
tfated, formed a cream or cruft upon its fur- 
fece when expofed to the air 5 changed the^ 
colour of the juice of violeft into green ; fc- 
parated an orange-coloured powder from a fo^' 
lution of corrofive fublimate 3 became turbid^ 
upon the addition of an alkali \ was entirely 
fweetened by magncfia ; and appeared fa 
ftrong to the tafte, that I could not have dif-' 
tinguiftfed it from ordinary lime-water. And 
when I threw fome fait ammoniac into the 
lime which remained, the vapour oiF the vo- 
latile alkali immediately arofe from the mix- 
ture. 

-In this experiment therefore the air is firft 
driven o^t of the chalk by an acid, ind then, 

in 

Digitized by VjOOQ IC 



a68 ESSAYS AiTD OBSEJtVATlOIfSr 

in order to fcparate this acid from it^ w^ 
add an alkali which has been previoufly de« 
privcd of its air i by which, fijeans, the chalk 
itself is alfo obtained free of air, and in- an a^. 
crid form, or in the form of flaked lime. 

We have alfo fcveral proceffes for ot>tain-. 
ing the volatile alkali in a cauftic form, which 
fecm tp be only fo many methods of obtain-, 
ing it in its pure fta^, and free of fixed air*- 
Th? firft of ^cfe is the^feparation of the al-^ 
kali from an acid> merely by heat ; ^ ^.in- 
fiance of which we have from Mr* Afar- 
graaf^. He prepared frqni urine an ammo--? 
niacal fait, the acid of svhfpjic.^, |he bafia of 
the phofphorus, and is of Aich.a peculiar na^ 
ture, that it. endures a red heat without being 
diffipated/ Si^cteen ouftces of the neutral fai« 
were fubje€ted by him. to diftillation. ^ .The 
acid remain^ in the retort, and he fo^nd in 
the receiver eight ounces pfao ayciline fpirit, 
which, he tells us, was^ extremely volatile; 
very much refcmbling the ip\t\% of,faltam«* 
moniac diflilled with quick-lime ; and no 
cryftals were formed in it, when expofed; to 
the cold air. 

;•...; , _ . • : -^A 

f Meoude Mead, dc Bcrliii, aa.. 17461 p. ^r ' . 4 
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fed, by triikiiig Mi amrildfiiat wHH'half i» 
iveight o{ a cauftie fijctfrdl dlksili, dr of mfig;he- 
iia which hSs been prtViouffy ditpi^vetf of it§ 
air by flte ; and iheh jfubriiittifig th6^c nil*^ 
hires tb diftfHatbtl r ^r ifaenily by adding ^ 
fry drdinafy Volatile alkdli to Jt prdjwt ^aafltl^ 
ty of^ d catiftrc ley 5 for ih this cife the iif 
t>affes frdhi the vblAfile to the ^Ji6d alMi, l^ 
k fuperioi- attri<aietti Ibf the bft, andj by A 
gerttle heat, the cdftkpdwnd yifeld^ a l^lrit fi* 
tnikr tb that prtpated- ttdrn Talt itf^niofiUtd 
at»d<i«icfe-Utnei 

I-t* 1^ t}]ie^6for<t pf^t^^, tlAt, hadpreai* 
lb ii method df fepftrittiijig i\s^ ^Ififfi alkidt 
fmta an &cid, ^hcAii^ «i tb« fanae thne, ft* 
toratihg it ^f'ith air, -^t heuVii tkht nbtilin it 
in a caoftic fdrtn ; b«tt i asn not aoqumnted 
With an inftante criT tiMs ie|)ar«6Mi ift cHecaii- 
ftry. There are two indeed whidiv at firft 
figiit, :-{l^af to b« a( ihis'liiiid} tbef^are 
the reparation of the £xed alkttli iroia tibe nii- 
trOTis acid by meElns ai 'PsBamdA xhvitootA, 
4n the precefs idt mBiiuag.nitfumj^ah(^aod 
bf^o fame atlkaH,. ftorti vegetable ac&dt irtercfc 
}y byjheat ; hidi iipbn exami&tng.d)9 pro>- 
du£t of each procefs, we find the alkali either 
Vol* II. D d folly 
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fully dr nearly faturated with air. In the firfly 
fither the charcoal or the acid» or both to- 
gether> are almoft wholly converted into air > 
a part of which is probably joincid to the al- 
kali. In the fecond, the acid is not properly 
ieparatedy but rather dfsftroyed by the fire : a 
confiderable portion of it is converted into an 
inflammable fubftance ; and we learn from 
Dr. Haksy that the bodies of this cla^ contain 
a large quantity of fixie4 air. 
. When we con^der. that the attra^ion of 
alkalis for fixed air is weaker than that of 
the calcarious earths, and reflet upon the ef- 
fefts of h^t in chemiftty, we are led (50 ima- 
gine, that^alkalis might be entirely deprived 
of their air, or rendered perfeftly cauftic, by a' 
fire foihewhat weaker than that which is faf« 
ficient to produce the fame change upon lime; 
but this opinion does aot feem agriealg^le to 
experience. . 

. TiiE'alkaHs do, howeycfr, acquire fome 
degree of cauftictty in .a ilrong fire, as ap-^ 
pears from^their beingmore eafiiy united with 
fpirit of , wine after having been kept in fu* 
fion'forl ifome time. For^ that fluid, which 
cannotbetindurcdby a mild fait of itartar^ 

. . / wiU 
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^iU foon take a very deep colour from a lew 
drops of a ftrong cauftic ley. ^Thcciixriim^ 
fiances which hinder u$ from rendering tfa^ 
falts pcrfeftly cauftic by heat, areJ their pro- 
penfityto dtffipatioh in the utbaoft'iriolence 
of the fire, their extreme acrimonyy ^and the 
imperfe(ftion of our common velSels; For 
before the heat becomes very btenfe,: the ai- 
kaiis either evaporate, or diflblve a part^of the 
cruciblei^'in which they are contained,:^ and 
often efcape thro' their pores ; which hap-^ 
pens, efpecially as foon as they have already 
acqiiired fome degree bf additional acrimony^ 
by the lofs of part of their air. ^ 

The fufion alfo, which they^fb readily un- 
dergo, is well known by Chemift^^s a ftrdng 
obftacle to the feparation of the volatile from the 
fixed parts of a compound by fire ; according- 
ly, in fcveral proccffes, we are direfted to add 
to the fufible compound fome porous fubflancc 
which is incapable of fufion> and will retain 
the whole in a fpongy form, thereby to facili- 
tate the diHipation of the yolatile parts. 

In order to know whether an alkali would 
lofe a part of its air, and acquire a -degree of 
caufticity, when expofed, with this precauti- 
on, to the adtion of a ftrong fir?, 1 mixed aii 

ounc9 
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eufloe and a half of (alfe of tartar.witb three 
QttiioQtof blackrietd> a fabilance of any the 
fnoft oofihangcaUe t^ chefnicai operations. 
Thjs . mixture I expof^, for fevcr^l hours, 
in a C0wc^ croGible, to a fire fomewhat 
fironger (ban what is neef^ry to keep fait of 
tartar in fufion^ When allowed tpjpeol^ I 
found it ftill in the fori^ of a ioof^ povffdef ^ 
$nd taking out 6ne half, I diluted it with wa^ 
ten ^nd by filtration <^tained a ley,, which, 
when pQured into a folutiQii of white marble 
IE oipiafinrtn, precipitated the marble yndei 
the form, of a weak qwicMime : for the ^ur? 
bid mixture gave a green eplpur to the jyice 
pf vidlfpts^ fi-nd tbr^ PP a (?ruft like that of 
lime-watei?} and the precipitated powder coir 
Icfted and mixed with f?^lt ammonite immfr 
diately yielded the ffpent of the volatile alkali. 
Lest it (hould here he fufpetfted, that the 
alkaline qualities of this mixtuire, and of the 
precipitated marble, \yere npt owing to a limQ 
into which the marble was converted, but tq 
the ^Ikali itfelf ^hich was added, it is pror 
per to pbfcrve, that J mix^d fo fmall a pfopor- 
$i6n of the ley with the folutipn of marble as 
pade me fitre, from certain experiments, tha^ 
jhe wliple of the alkali was fpent in perfprm- 
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i»g tb^ jwrecipifenion, $nd Was cQofpqu<;Rtljr 
(»pverted ipto a i^eutrtl (ak by i\tT9&^mg ^ 
i^cid., Thip prppcrti^ therefor? of the mijc* 
tureaip only be Tarred to 4 Uonp, »^ is in<- 
4e^ A>Spien4y py\d^n%{vQm the emit which 
isp$«:uliar to Uroc-rwater. , ' 

'I w« tHercfor«» afluri^ by ^i$ Cf pcximen^ 
ihat an alkaU^oes really loft * part of its air> 
^^ fl?Ri»V^ * degree of cauftiqity„by the paror 
^r ^pplicatioa,^ heat 4 but iindmg by 
psverj^ trials, th^t; the degree .of eaufticitj 
^irhighj it had ih»$9Cf{WTe^ was. but weaki 
^ad tjiat the quicH-Jiipe produced in this ex? 
periment was exhawfted . wd rendered m\\4 
J>yj>froall quantity pf water, Irtxpofed th^ 

crucible together, with that -half of the al« 
kali which remained in it to ^ ftronger fire, 
in order to expel a larger quantity of air, and 
fender it more, remarkably cauftic ; but the 
whole of it was diilipated by the force of the 
heat, and the black lead, which ftill retained 
the form of a loofe aqd fubtile powder, 
yielded little or nothing to water. 

We learn then from the aboye experiment 
the reafon why the alkali newly obtained 
from the afhes of vegetables is generally of 
the more acrid kinds of that fait. It never 

appcarsf 
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appeirs until the fiibjeft be converted' iftfd 
^flies, and is foppofed tor be /brmed by the 
•fife, and tb be the refult of a particular com- 
bination of fomc of the principles of the^ vc*- 
gctable ; one of which principles is air^ which 
is contained in large quantity in all vege- 
table matters -whatever. But as fooriasthe 
fmalleft part iofii vegetable is converted into 
aflies, tind an alkali fe thus forttied, tfiis -fih 
rifeceflarily fufFefs a calcinafion,' during' wKicli 
it is kept in a fpongy form by the afties^^and 
fhews a vfery coni&derable degtefc of acrlhibny 
^f imniediatcfv applfed to /the body of ail 
ariiiiial j but if 'the aflies ' are %r , ahy time 
^xpofed to the >if , or if Wfe ifeflar^W the alkali 
from them hy the additipii of a large quantity 
of water and fubfequeiit evaporation,, the 
fait imbibes fixed air froni the atmofphere, 
and becomes nearly faturated with it :. tho* 
even in this condition it is generally more 
acrid than fait of tartar, when this is pre- 
pared with a gentle heat. 

Borax has fometimes been referred to the 
clafs of alkalis, on account of fome refem- 
blance it bears to thofe falts : but it .has * been 
demonftrated by accurate experiments, ' that 
we fliould rather confider it as a neutral fait ; 

that 
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that it i^ compof^d of an alkaU c^id.of a par^ 
ticular faline iviffi&ftncc called the fedatlve 
faltj which adheres to t^e 4kali in the fame 
manner as an ^cid, but can be fepar^ed by 
the addition of any acid whatever, the added 
acid joining itielf to the alkali in the place 
of the fedative fait. As this cpn^uh<^ion.O:f 
an acid with the alkali of borax happen^ 
without the leaft effervefcence, our principles 
lay as under a neceffity of allowing ihat alkali 
to be pcrfedily free of air, which muft proceed 
from its being incapable of union with fixed 
air and with the fedative fait at the fame tim^:; 
whence it follows, that, .were wo to mix the 
fedative fait with an alkali fatjurated with air^ 
the air would immediately be expelled, or the; 
, two falts in joining would produce an • eflfer- 
vefcence. This I found to be really the cafe 
upon making the trial, by niixing a ^fmall 
quantity of the fedatiye fait with an equal 
quantity of each of the three alkalis, rubbing 
the mixtures well in a mortar; aa4 adding a 
little water. It is however proper in this 
place to obferve, that, if the experiments be 
made in a different manner, they are attend- 
ed with a fingular circumftance. If a fmjiU 
quantity of the fedative fait be thrown into ^ 
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large pfoportidtt 6f a diffdtved fixed dkdii 
ihe fedatilre fait gradttdUy dif^ppearsi ^nd 19 
united to the alkali i/f^ithout any efFervef-^ 
tedce $ but if the addition be repeated 
leveral timed> it will at laft be accompanied 
With a brilk cffervc(ccftce, which will be^ 
come more and more remarkable^ until thei 
alkali be entirely faturated with tht fedatives 
fait. 

This pbitnotnenon may be explained* by 
eottfidering the fi«ed alkalis as riot perfeftly 
£itarat6d with air : and the fuppofition wilt 
appear very reafonable, when we recoHeft^ 
fliat thofe falts are never produced without 
a confidcfable degree of heat, which niay 
eafily be imagined to dtfltpate a frnall portiort 
of fo volatile a body as air. Now, if a fmall . 
quantify of the fedative fait be thrown into 
an alkaline liquor, as it is Very flowly dif- 
iblved by water, its particles are very gra* 
dually mixed with the atoilis of the alkali. ^ 
They are moft ftrongfy attr^rdted by frtch of 
£hefe atoms as are deftitute of air, and 
therefore join wifhtbem without prodacing 
an effervefcence ; or, if thiy expel a fmall 
quantity of aif from fotne of the Aft, this aif 
is at the fame time^ abTortjed by fach of the 

contiguous 
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fcontiguoiis particles as are dcftitutc of it, and 
no cflFcrvefcence appears until that psirt of the 
alkali, which was m a cauftic form br deftt- 
fute of air, be nearly faturated with the 
fcdative fait; But if, on the other hand, a 
large prbporfion of the fedative fait be per- 
fedtly and fuddenly' mixed with the alkali, 
the whole,' or a large part, of the air is as 
fuddenly expelled/ ^ 

In the fame manner may we alfo ex- 
plain ^ f\m\\^v phahomenofiy which ofteii 
prefenfs* itfelf in faturating an alkali with 
the different acids *. Vthe^ dfervefcehce is 
lefs confiderable in the firft additions o^ 
acid> and becomes inbre violent as the 
mixture approaches the point of faturation. 
•This appears mpft* evidently in making the 
Jal diureticus or regenerated tartar: The 
particles of the vegetable acid here employed, 
being always diffuf<?d thro' a large quantity 
of water, are mofe gradually applied to thofe 
of the alkali, and duririg the firft '^additions 
are chiefly united to thofe that are freeft. of 



air* 
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That the fixed alkali, in its ordinary ftate^^ 
is fpldom entirely faturated with air,.feems ta 
be confirmed by the foUowkig experimCTit. 
. I expofed a fmaU quantity of a pure vege- 
table fixed alkali to the air^ in a broad and 

ihallow: veffel, for the fpace of two months v 

^» 1,1. '• »*» 

after which ' I fotinda number of folid. 
cryftals,, which refem.bled: a ncujtral fait fo 
much as to retain their form pretty well in. 
the air, and to produce a cojifidcrable degree 
of cold when diflblved in water. Thejir taftc 
was much milder than th4t of ordinary fait 
of tartar; and yet they feemcd to be com- 
pofed only of the alkali, and of a larger 
quantity of .air than" is lifually contained in 
that fait/ and which had been attrafteci from 
the atmofpherer' for they, flill joined very 
readily with' any acid, but with a more yio- 
fenr efffervfefcfence than Ordinary; and the/ 
Could not be mixed with the fmalleft portion* 
of vinegar, or of the fedatiVefalt^ without e- 
mitting a* fenfible quantity of air. 
; As it now appeared that feveral alkaline 
fubftances have an attradHon for fixed air, I 
tried a few experiments to learn the relative 
ftrength of their fevefaliattra(3;ions. 

Twenty 
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Twenty four grains of magnefia in fine 
|)owder Were mixed with five ounces of the 
cauftic ley in a fmall vial, which was imme- 
diately corked and (haken frequently for four 
hours. The ley was then poured' off, and 
the magnefia wafheci with repeated affufions 
of water, and dried. It had loft about the 
half of its weight, arid when reduced to a 
fine powder was readily diffolved by acids 
with an efFervefccnce which was hardly per- 
ceivable : the alkali had therefore extradled 
its air. I alfo thfew fome frefh magnefia 
into the ley which had been poured off, and 
thereby rendered it perfedlly mild and fimilar 
to a folution of fait of tartar 5 fo that it ef- 
fervefced brifkly with acids. 

With an ounce of the mild fpirit of fait 
ammoniac, I mixed a dram of magnefia in 
very fine powder which had been previoufly 
deprived of its air by fire ; and obferving that 
the magnefia had a tendency to concrete into 
a folid mafs, I (hook the vial very frequently. 
After fome days the powder was increafed 
to more than double its former bulk ; and 
when the vial was opened, the alkaline fpirit 
emitted a moft intolerably pungent fmelL 
It likewife floated upon water, but was not 

perfedly 
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perfci^ly cauftic ) for it Mi ykided fom^ Jiir 
when mUed with aiiids, and alfo rendered 
lime-water tarbid : neither of which would 
probably have happened if I had ufed a 
greater quantity of magneiia, or had allowed 
the mixture to reinain a longer time in the 
vial. I now waflied out the whole of the 
niixture into a bowl, apd dryed the magncfia 
imtil it loft aU fmell of the alkali. It 
weighed ^ dram and fifty eight grains, cflfer^ 
vefped violently veith acids, and therefore 
contained a large quantity of air, which, had 
been drawn frpqa the alkali by a ftrongcr 
attradion. 

. Having formerly fli?wn, that magnefia 
faturated with air feparates an acid from acaU - 
carious earth, which it is |K)t able to do after 
being deprived of its air by i^re j I now 
fufpedled that the air was the caufe of this 
feparation, becaufe I found that it was' joined 
to the calcarrous earth at the fame time that 
the acid was joined to the earth of magnefia 5 
and imagined that a pure calcarious earth 
might poffihly have a ftronger attraction for 
acids than a pure earth of mgnefia, 

I therefore diffolved two drams of ni^e- 
fi^ in the marine acid, and thus obtained ^ 

cpmppunc^ 
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compound of ^nackl arid of .the pur^ eardi 
of this fubftjMNje; for the air whidiswas a| 
firft attached tq it, was expelled, during the 
diflfolution. I th^a added thii ty grains of 
ftrong <juick-Ume in excocdiag. fine powder, 
ifhook the mixtAifc> well* and filtrated it. The 
powder remaining in the paper, after being 
well waftied, was found to he a magnefia, 
which, as' Impeded, was deftitute of air; 
for it was ^iflolMod by the vitridic acid with- 
out effervefcence. And the .filtrated liqubr' 
contained the Hrac.^ united /ta^ the acid ; for 
upon dropping ipirit of vitriol into it, a white • 
powder was iiafaiediately fcxrmed. 

Wtmuft thrcrcfore acknowledge a ftronger 
aUraftion betw^efen the calcar ioos earths and 
^cids than between thefc and magnefia : but 
how does it then feappeo, that, if magneda 
faturated with air be mixed with a compound 
of acid and calca^rious earth, thefe two laft, 
which attraft one another the moft ftrongly, 
do not remain united j ."but theacid is joined 
to the magnefia, and the calcarious earth to 
the air which, it attrads much more weakly 
than it does the acid ? Is it becaufe the fum 
pf tly5 forces which tend to join the magnefia 
IP the acid ^d the calcarious earth to the 

m 
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air, is greater than the fum of the forces' 
^yhich tend to join the caicarious earth to ' 
the acid> and the magnefia to the air : and 
bgcaufe there is a repulfion between the acid 
a(id:air, and between the tw6 earths ; or they 
ate. fomchow kept afunder in fuch a manner * 
a* hinders any three of them from being 
united together ? 

. T.HE .ficft part of this fuppofition is favour- 
ed by our experinients, which feem to ihew 
a . greater difference between the forces 
wherewith the caicarious earth and magnefia 
atfradk fixedjair, than between thofe which 
difpofe them to unite with the acid* The 
repulfipns however hinted in the fecond are 
perhaps more doubtful, tho' they are fug- 
gf fted; in many other inftances of decom-- 
pofition ; but the bounds of my prefent pur- 
pofe will not. allow me to ehter upon this 
fubjed, which is one of the moft extenfive 
in chemiftry. . 

We meet aHb. with a difficulty wkh re- 
fpefl to the volatile alkali fimilar to the 
above. Thu$ a caicarious earth that is pure 
op free of air has a much ftronger attradion 
fqr. acids than a pure, volatile alkali, as is tvi- 
dgnt wh^n w^ mix ! quick-lime with fait 

ammoniac j 
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for the alkali is tlicn immediately dctachoi 
from the acid.: :aod.agf eeably to this I found; 
upoa trial, that a purc/cr: cauftic tblatile 
alkali does not fcparatc a- calcarious earth 
from an acid. Yet, if we mix a :mild" volatite 
alkali, which is a compound of alkali and* 
air,/ with a compound of accd ind calcaridorf 
earth, thele two laft, which:^ittia£t .qneari-^ 
other moft ftrongly, do. not. rcniam united -^ 
but the acid is joined to the alkali and thq 
earth to the air, aiJiappens> in- ^^ precipi- 
totton of a cMcarious. jiacthrifiom an acid;' 
W^ppie^ns of the . common or > mild volatile? 
j^lkali. : r::-:, . .^ :.^. :' r.- 

..:l remember litoe wife a paraliei inftancc!> 
with regard to quick-filver.^ This^ metal bag> 
an attraftion for the vitriolic acid,' and wheii 
joined to it appearsL under the form of turbith 
mineral : but this attraftion is weaker than 
that of the fixed alkali for the Jlame acid ; 
for if We mix a diffolved faft of tartar with 
turbith mineral, the turbith is converted into 
a brown powder, and the alkali into vitrio- - 
lated tartar > which change happens the 
fopner, if the pure or cauftic alkali is ufed. 
Yet, if to a compound of quick-filver and the 
nitrous acid, we add a compound of the fixed 

alkali 
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tlkftli and the ntriolic acid» or a vitriolacedl 
UitaT) and digeft the mixture with a ftrong 
beatf T^ie viitiDlic acid docs not remain with 
the alkali, but .is joined to the quick-lilver 
which it attra£ks more weakly, compofing 
with it a torbith mineral -, while the aU 
kali is joined to the nitrous acid which^ it 
like ways attracts more weakly than it 
does the ritrioUc, and is converted into falt^ 

. From feme of the above escperiments^ 
lit' appears, that a few alteratbns may be 
Made in the cdamn of adds in Mr< Geojfrof% 
table of eledive attradlions, and that a new 
column may be added to that table, ac- 
Qcirdihg ta l3ie following, fcheme, where 
the alkaline fubftances are all confidered as 
in their pure ilate and free of fixed air4 

Acids« Fixed air. 



Fixed alkali, Calcarious earth. 

Calcarious earth, Fixed alkali. 

Volatile alkali and magnefia, Magnefia. , 

♦*<»«*» Volatile alkali. 



^ * 9 * 
At 
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At the foot of the firft column feveral 
bf the metals might follow, and aftet thcfc 
the earth of alantj bat as I don't know 
what number of the tnetals fliould precede 
that earth, I have left it to be determined by^ 
further experience. ' 

The volatile alkali and magnfefia are 
placed in the fame \ine of this column j* b?-? 
caufe their force olF kttraSion feems pretty 
equal. When we cornhiit. a mixture of 
magnefia and fait ammoniac to ailjfiltatibni 
the alkali arifes and leaves the acid with thtf 
taagnefia j becaufe this earth, By attradtin^^ 
the acid, reprefles Its Volatility, atid.it,feems(' 
alfo tci.diminifli the cohefibri of jhe acid and 
alkali^ and to render theih feparable by a* 
gentle heat. If the 'magnefia be; faturafed 
with air, tliis lifeewife,' on account" of its 
volatile nature and/ ^tttaftion for the alkali> 
is driven up along with it, iand makes it ap-' 
pear under 1 mild form, and in the faine' 
manner do the. alkali and air arife from a 
mixture of fait ammoniac and of a crude • 
calcarious earth* ' 

J^{ Art. 
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Art. IX. 

Oftbe Analjifis andJJfes of Peaty by Alexan-^ 
PER LiND, Efquire ^. 

He Jnalyfis of Peat. 

FIvE ounces of peat, Jiard, dry, andof tf 
• deep brown colour, found Ijx or feven 
miles from Edinburgh^ being diftilled with a 
gradual heat, ga^ve firft an ounce and an half 
of clear water ; after which the oil began to 
<^ome oyer, firft yellow, then darker colour- 
ed, till It became like tar, and along, with it^ 
a yellow or brown coloured* acid qily liquor, 
jtrongly empyreumatic, to^tha quantity of fix 
drams : this liquor, towards. the. laft, becaipcr 
alkaline : out of this there was only a ffnalf 
quantity ;. for the diftilled liquor that came 
over firft-^' was found to. be confiderably acid, 
fp that it took more than a dram of ol.fart. 
per deliquium to faturate it j if the diftillation, 
had been continued with a very violent heat„ 
there would have come over more alkaline 
fpirit with the pitchy oil : the quantity of 

oil 
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oil that catne over was two drams and an 
half; it coagulates^ in the cold, and melts 
with a fmall heat. There remained in the? 
retort two ounces of coal ; which being care- 
folly burnt ifl a crucible, left (eleven drams 
and a few grains of fine yellow aflies. 

That it may appear hew far Ae Scotch 
and Dutch peats agree, I {hall next give the 
analyfis of fome Dutch peat made by 'Degntrl 
He took twenty four ounces of peat, which 
being firft reduced to a powder ; and then 
put in a retort, yielded, by a gentle diftillati'* 
on, a good quantity of infipid phlegm, with 
an cmpyreumatical fmcH. This being taken 
away, there folbwed next a yellow fpirit, 
and about the necfcof the retort, remained 
Ijkicking a certain white unftuous earth, re- 
fcmbling a volatile (alt. The degree of heat 
being increafed, there came forth a white 
fmoke, with which a red oil rifing at the 
lime time, was collected in the receiver, in 
the form of a thick, pitchy matter, fwiming 
updn the fpirit, and flicking ftrongly to the 
iides of the veflel. In the retort remained 

only a black coal. 

Having weighed each of thefe feparate- 

ly, the coal was niqe ounces fix drams ; the 

thick 
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thick pit<:hy oil, an ounce and an baif ; dx«h 
voUtile oily ialt or fpirit four ounces ; tl^f 
Tcft» the io%i4 phkgni received i|i an. open 
receiver, 

T|i£ phlegm being firft examined, w^ 
pothing but a iimf^ clear watery liquor* 
i^ithQut taftc pr ftneU. 

The rcdilh yellowy liqjior that c^me next, 
was a liquid volatile unAupits falt^ compofed 
pf a watery phlegm, a volatile falt> and a 
little oil,, which coflunonly goes under the 
mme of rpirit. This mixt with fpirit of iea 
faltoccafioned onlya few bubbles; it raifed 
with oil of vitriol an cfFcrvefcence, and turned 
piuddy i it precipitated a folution <^ mercury 
in aquafortisy into a black powder, turned 
fyrop of violets green, had no efFcd upon 
chalk, fpirit of fait ammoniac : fpirit of harts-? 
horn made no other change upon it, but 
turning the liquor, which was before muddy, 
clear. Froni all which, he fays, it appears, 
t)iis fpirit is of an alkaline nature n and that 
except a little qil, contairis chiefly a volatile; 
alkaline fait. 

The oil which was fouiid fwlming upon 
^he water or fpirit had a ftrong cmpyreuma-r 
$i^^l fmell, tho' not fo fetid ^s the diftilled oH 
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of «nimala* yet ife<)i^cr d»n that of pHs di- 
fUUed from bitttmiooiia miaeral fttbftincef» 
and wa^iniiheU dbe xnoft like that of peat 
{moke, la the cold, it congealed into a bodjr 
of the confiftence of Coap pr hoiiey, or tadier 
into a pitchy fubftancc of a redifli brovn a^ 
}our, being of a ^aafiic pangent tafte; upon 
the fire it mehed like was, and when cold, 
looked like the ibot of peat. 

This oil eafily catches fire, but is foon a^ 
gain extinguished. When kindled, itbumft 
like weak fpiritof wine, but not fo intenfely. 
When put upon the fire in a fpodn, if you ap- 
proach a lighted candle, it kindles into a flame } 
and, upon the removal of the candle, is im- 
mediately extinguiflicd ; fo it mufl: be fre- 
quently kindled before it wholly confumes.' 

The cinder that remained in the retort, 
being put in the fire, in a ftiort time turn* 
ed red, and immediately, without fmoke or 
flame, fell into grey aflies, nothing diflferent 
from ordinary pcatrafties. Thcfe afties contain 
Icfs fait than thofe of wood ^ All peat-afhes d<i 
pot yield the fame qyantity of fait, but diflFer 
according to the quality of the peat. Fron^ 
a pound of Dufcb aflies, Degner^ after boiU 
jng, filtrating, and infpiffating in the ordi* 
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nary way, obtained only half ah ounce of a 
redifli impure fait; mixt with much earth : 
from other peats that leave after burning a 
red a(h» and that were taken from dryer 
ground, he had an ounce of a redifh im^ 
pureXalt. 

This fait, he fays, has rather a faline than 
idkaline tafle ; and when expofed to the o- 
pen air, runs flowly, after, the manner of fuch 
£dine lixivious fait. Being diflblved in wa- 
ter and mixed with oil of vitriol, it becbmes 
tairbid,^ with a fnijatl bubbling up. With fix- 
ed fait, or fpirit of harts-horn, it turns muddy; 
.witfi fpirit of fea fait, there is no change, the 
liquor remaining clear, only a few bubbles*. 
It coagulates foap when boiled with it, in the 
lame manner that fea fait does. This fait 
difiblyed again in water, filtrated and infpif- 
fated until it begins to cryftallize, gathers, 
when fet in a cool place, into a fait of a cut 
bical form, and when thrown into the fire, 
makes a noife like fea fait that is decrepitated. 
The liquor being .further infpiflated and fet 
to cryftallize a fecond tipie, yielded a nitrous 
ialts.the remaining liquor was a pure lixir 
vious alkaline fait, that made a ftrong effer- 
ycfccnce with acids. From all which it ap- 
pears^ 
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pears, that this fait is principally compofed 
of a fait like that of common fea falt» with a^ 
finall proportion of the alkaline kind. . . '. 
What remained after the fait was extrad;-. 
ed out of the afhes^ was only a ilimy earth 
and fome fand, 

. To thefe analyfes, I fliall add two othen. 
Dr. SmiSerg a Phyfician at the Hague^ ha*, 
vingdiftillcd feme peat in a retort, obtain- 
ed from It a ipirrt, ;^ an oil, a volatile fait, all 
of them much like that of hartshqrn. OtU: 
man dn Apothecary at Stutberg^itom a Swor. 
bian peat, had a yolatjile fpicit, like that of, 
ipirit .of tartar,: a^ fetid pU, bu^ no volatile 

felt. , , :.-; '' • /." /: 

^eVfes of Peat.'' '/^ 

The principal ufe of peat is burning, n,ot 
only for the fervice of families, butlikeways. 
for that of a great many trades; fuch a& 
brewers, bakers, diftillers, making of lime,^ 
&r. : and, as there is a good deal of diffe- 
rence in peats, and fome kinds preferred to 
others, I fhall here take notice of fome of the 
principal di^rences^ 

The 
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The firft is, M^h refpcft to the place oul 
of which they are taken. Such as are g« 
from brackifh grounds, near the fea> alfo fuch 
as are impregnated with vitriol or fulphur, 
have a difagreeablc fmell,^ and are hurtful to 
the healths In Zealand^ they have a kind 
of peat, which, Wheh butning, makes eve- 
ry body in the room look like a dead perfon j 
and, when they fit long by the fire, ^vov^t 
faintifh : it atfb tiirns the bottom of their 
veflels white. Peats taken from mofles, itct 
of all minerals, have ftoric of the above 
mentioned, or any other bad eflfc£l* 

As to the mittcr itfelf, thatdTiflfefs in ma* 
iiy refpeds ; fo that in the fame mofs, ac- 
cording to the different depth of it, there are 
three or four different kinds of peats founds 
In North Britain^ in the province of Gronin-- 
gen^ and in feveral other places, that which 
is uppermoft, is light and fpungy ; further 
down, better; and at bottoni, is a fubftance 
that is black; and makes a firm folid peat. 

Jn Uollaniy that which lies uppermoft is 
heft, being of a dark or black colour, to 
which others fucceed of different colours and 
fubftances not fo good. Tfett which is light 
and fpungy, taken from a barren heathy 

ground, 
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ground, or .from a dry B^dy foil y ajfp fuch 
inofs as h much mix^d ^^^h P/^ces of rotten 
wood, roots, mud, gr^tvel, or fand, or which 
confuming . quickly, leaves behind a great 
inany impurities .mijfC';! with its afhes, is 
bad. ... .; .. , 

Peats differ coniSdci;ably, according to 
the pains heftowcd ig^^makihg them. Such 
^s are perfedlly freed from all hetrogeneous, 
matter, well knead and wroiight, are the 
beft of all. Upon wbicjh accoiwt, .peats, 
made in the province of rJFfc/t^^i^, where jio 
labour is ^ared in the working themj are 
preferable to all others 5 tho', in other^places, 
the fubfjtance may be equally good. A 
Di/tch peat fix inches long and three or ^our 
thick, will weigh a potund 5 a peat made at 
NimigueUy of the iamcfdimenfions, will not 
weigh above half a pound, often ,lefs. It is 
a general obfervation^ that all peats made of 
mofs-mud, and well knead, are copfiderably 
heavier than fuch as are only cut out of the 
mofs. 

Peats that are of a d^rk colour, and folid, 
that continue longeft in the fire without con- 
fuming, that have a good cinder, and fall into 
white afhes, are mod efteemcd ; on the 
VoLi 11. G g contrary, 
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contrary, fuch as are light' and porous, con-* 
fume quickly in the fire, leave no cinder, 
but ^' great many impuriities and afhes, are 
little valued. ' 

The afhcs of peats differ alfo confiderably 
in colour, quantity, and weight ; as to which 
nothirig certain can be determined. ~ Some- 
times the white, foihetimes the grey, and 
at other time? the red, are heavieft. Inr 
Frieflandi ihc peat fhat leaves the red aflies, 
Vegner 'fays, is heavieft 5 about Niniiguen 
thofe that are red are fotind lighter than the 
DuUhpGZt vvhich leaves a grey afh. 

Th!e Brewer, Diftiller, and other tradeSj 
prefer the peat that leaves a^ red afh, which, 
tho* it feldom has a firm cinder, yet burns 
violently; ' The Baker finfakes choice of, the 
light' tiirf, and in Notth-HoUa/idj wbercihe 
inhlabitants are extremely cleanly, they ufe 
the peat that has red « aihes, upon account 
of their being heavier than the white, and 
therefore not fo apt to fly about and fpoil 
their furniture. 

Besides the ufes how commonly made of 
peats, there are two others in which, I think, 
they may be employed with great advantage. 
The firft is, the fmelting iron ore, the only 

fevteL 

/\ 
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Jewel at prefent ufed in that operation is 
charcoal qf pak, and other hard woods s a- 
jny attempt made to do it with pit-coal, fo far 
as I can learn, has hithefto. proved unfuccefs- 
ful ', and indeed from the nature of thatfub- 
ftance, there feems little hopes of ever bring*- 
ing it to anCwer the end, the bituminous or 
inflamable part of pit-coal having nearly tjie 
fame efFeft upon iron, which common ful- 
phur has. It deftroys, as experience (hew?, 
the malleability of iron and all other metals. 
Pit-coal has likeways another bad quality, 
which J have pfteo found to my coft. With 
a ffrpng heat it runs into a glafly fubftance^ 
which in time, by its fticking fo clofely to- 
gether, and to the fides of the furnace, quite 
choaks it up, and, by its tenacity, hinders 
,the metallic parts from finking downwards, 
as they would dp by their natural gravity. 
What is chiefly wanted in finelting, is an o- 
pen fire ; the furnaces are commonly fufiici- 
ently clogged with the ftony and other he- 
trogeneous bodies united with the ore, which 
run into glafs without the addition of any 
fuch foreign matter as has a tendency to vi- 
trification. The char'd wood, on the con- 
trary, keeps always an open fire, the in- 
flamable 
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flamable part of which is fo far from hurt-? 
i(ig metals, that it prcferves their malleability, 
by fupplying with its own fulphur that which 
is deftroyed or carried off from the metal, 
by the intenfc heat employed in the fmelt- 
Ing ; and this is fo far true, that iron redu^ 
ced to a calx or friable fubftance by calcina- 
tion, has its malleability reftored by being 
fluxed with powdered charcoal only. And thi^ 
we may here obferVe, by the bye, as an in- 
ftance of the difference of fubftituting a vege^ 
table in place of a mineral fulphur. 

The pieat then being intirely a vegetable 
fubftance, there feems nothing more requi- 
iitc to make it a proper fewel for fmelting 
iron, b\it the being able to raife by its means 
a heat fufficient fpr that purppfe. This, ex- 
perience fhews, cannot be done with the 
peats \ye now have. The moft likely me- 
thod of obtaining this end, I think, is, to 
bring them to be as folid and compadl a fub- 
ftance as poflible. The denfeft bodies, ca^ 
teris paribus, when thoroughly heated, are, 
the hotteft; hence }t is, that mqtals as rhey are 
the heqivieft bodies, fo they reach the great- 
eft degree of heaf. The fame holds in fewel j 
the hardeft woods are made choice of, 

when 
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when a ftrong heat is wanted j and even ia 
common peats, I have fhcwn you how far 
preferable the hard and folid are to the light 
and fpungy. By fome experiments which I 
have made, I find it to be no difficult mat^ 
ter, to bring peat to a confiderablc degree 
of folidity, as you yourfelycs may fee by the 
fpecimen I now (how you. The fimple o^ 
peration of grinding, doc^the bufinefs j and 
as a peat, when taken out of the mofs, is a 
foft body, and eafily grinded, a machine may 
be eafily contrived to grind, at a moderate ex^ 
pence, feveral tuns in a day. The charge 
pf digging peats, cutting them into fquares or 
the form of bricks, when of a proper dry- 
nefs, will be little different from that of ma*- 
king peats in the ordinary way. The foli^ 
flity of peat prepared in the manner menti- 
oned is furprifirtg ;. its fpecific, gravity being 
fome what greater than that of pit-coal. I 
t:ompared a peat of this kind with a piece of 
coal brought from Baron Clerk's coal-mines 
near Edinburgh^ and by the hydroftatical ba- 
lance, reckoning water 1000, their fpecific 
gravities were nearly as follows, pit-coal 
1287, folid peat 1303. 

From 
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. From what has been faid„ it appears, that^ 
if iron could he made with peat, it would be 
of great fervice, particularly in fome places 
of North Britain, where peat is to be 
had in plenty, along with iron, which now 
lies unwrought for want of wood : and even 
where wood may be found, if peat brought 
to the confiftexicy.I mention . would do the 
bufinefs, it would come cheaper than char'd 
wood. Another advantage of this kind of 
peat, would be the fmelting of lead with it 
alone, which cannot well be done at prefent, 
without the help of pit-coal, which in fome 
places muft be brought from aconfiderabl^ 
diftance, and at no fmall charged 

The other ufe I would propofe of peat, is 
the employing it as dung, for the fertilizing 
of ground, when prepared in the manner I 
ihall afterwards mention. I am not igno- 
rant, that the aflies of peats arc ufed for that 
purpofe with great advantage, not only by 
tbemfelveS, but likeways mixed with other 
dung J and even the duft of peat, that re- 
mains at the bottom of peat^ftacks ; but in 
that ftate it has not the effects of dung, nor 
are its effeds equal to what they would be, 
were it rightly prepared. Tofct this matter 
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in a proper iigfcit, I muft be allowed to fay 
ibmcthing in general of vegetation, 4nd of 
the life of dungs in promoting it. - 

Vegetables which increafe by. feed, as is 
the cafe with by far the greateft p^rt, if notrdl 
of them, are at fir ft plaHtulas wrapt op. in a 
* very fmall bulk in the end of the feed ; which, 
when put in the ground, by the moifture 
they find there, extend themfelves, and are 
firft nouriftied by part o£- the feed, itfelf, 
which does the fame office to the young plaati 
by affording it a finer nourifhsnent, as ihe 
placenta does to the embryo. When the plant 
tecomes ftronger and fhcfots forth its roots, 
it then draws its nourifhmcnt from the earth. 
Thus it goes on growing until it has attained 
ijts utmoft perfedlion : after which it -gra- 
dually decays, dies, andat Jaft rots and pu- 
trefies. By putrefatflion, the parts of which 
the vegetable: was compofed, viz, its falt^, 
^ oils, phlegm and earth, are feparated : part 
remains upon the ground where the- plaitt 
falls 5 but the far greateft part being volatile^ 
flies up into the air, from whence it defcends 
again upon the earth and incorporates with 
it. The fame materials ferve to nourifh new 
plants, there being no part of them, as we aH 

know, 
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know, loft. What wc call a vcgctablcJ 
mould, is an earth in tvhicb th^re is ftord 
of fuch parts of vegetables lodged, the ma-^ 
trix in which they lie, being a fine but bar- 
ten fand. As long as there is a fufficient 
ftock of fuch particles, in any earth, that 
ground is fruitful j but when this is exhauft- 
ed, which happens fooner oriatcr, from thd 
quantity pf vegetables nourifhcd by it, and 
carried off for the ufes of life, it becomes 
barren. The only remedy, when no bettei* 
can be had, is to allorw it to reft, until it re- 
ceives a new recruit from the air, in which 
are perpetually floating, and falling down up-* 
on the earth, particles of all kinds, proper 
for the nourifliiment of plants. But as this 
Js a. tedious Way of recovering the fertility 
of ground, the better and more /expeditious 
one, is by laying dung upon it, which being 
wholly made up of putrefied vegietables, or 
^animals, equally proper for nouriftiing plants, 
the parts, of which both: are compofed, be- 
ing the fame, and the tranfitidn from the one 
to the other eafy ; the ground by this new 
acquifition becomes again fertile. Every ve- 
getable then whofe parts are fet loofe, by 
that laft fermentation of nature, putrefadion, 

affords 
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aSbrid& a prQ^eir.^(a^iae&3i!rif6f ybget^Mes ; and 
the ^reat diftiriaianioif ' plawM,^tvJikh xbiii'* 
fnoalyilie&.ia.^ veryt^ftnallpa^^ atld tHatitpb 
the jwift volatile, : djcimg aaikeri away * by pu- 
trefadlion^ 'alt vegdteb^esV^whcn ijcduced to 
that; i^tCi rfcemjtaqhBflptBlLy.mucK Japan a 
l^i^r for that piiq)dfc.Po^No\r,' * to rfetorh td 
what i tntehded *o f ay^^'- and td<t^iGh what 
I ha*c inemibncdc>w^fr %ily"^^^ of pre^ 

amble ^' Pfea[t mtofe^ '-^ikgv^i^y a Vege- 
table niattfer, mdftv'if reduced io^a^ thorough 
#te 5tf putrefeaijptf^^^t^wg^ than faaid ' pur- 
.,p[ofo$:fot fertifizmg^ifeiaSdas^cl^f/^irfte^^ 
^vegetaKtese- White iirliefi? in th^ itidfs, there 
ig^tfeQ igrcat a. quaiiti^ of water^ tO' laifec a 
.fufiicieot degree of IKeat^fb .bring ^hc ve- 
getables; bf 'which . peafe^hiofs Is cbitipofed, 
whether aftually growing, decaying, or de- 
cayed, to a compleat degree of putrefadlion. 
But if it were taken out of the mofs, and laid » 
Ml heaps like other vegetables to rot, with a 
degree of moiftute fuitable for that purpofe ; 
and if, to begin and alfo quicken the putrefa*- 
aion, green frefh fucculent plants were em- 
ployed in a fufflcient quantity firft to raife a 
heat; this I make no doubt would, by commu- 
nicating it to the moffy fubftance, in a fuitable 
Vol* IL Hh time, 
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Ume,. and by right management, reduce the 
whole mafs.to theftate defired. Thisalrea-^ 
dyjs ia fame meafurc praSiifed in Holland^ 
where they mix the duft of peats with ordi-*- 
nary dung, in malqng of dung-hills« 
: I {hall conclude this paper with only men**- 
tioning two others ufes of peat, which I had 
almoft forgot, viz^ihzt peat-duft ftrawed up- 
on ground where peafe or other feeds are 
fown, in order to have an early crop, is an 
excellent prefervatire of fuch vegetables from 
the froft;,as it keeps the ground warm, by 
not allowing the eoJd to penetrate into it. 
And that there is npthing jwoperer than peat 
to ftop water, and to confine it, iii the making 
of fiflv-ponds, &c. This I learned from his 
Grace the Duke of Jrgyle^ who I obferved 
ufcd k with great fuccefs for thatpurpofc. 



Akt. 
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Art. X. 

The EfeSfs of Semeii Hyofcyatnr^dbi, hy 
Dr. Archibald Hamiltont PAj^r/^z;/ in 
Edinburgh*. , 



y ' ■ ' Student of phyfic, of a thin 

habit of body, about . twenty years, of age, 
bad been, for two years, in the ufe of taking 
a fmall quantity of white henhanef-ibed to 
make him deep, and without any. bad efFed:. 
But ot^Frfday March the 8th 1752^, bgtwixt 
four and five in (he afternoon, he, Jn order to 
procure fleepi fwallowed about twicel^smuch 
of this feed as he could take up hetwixc his 
fore-finger and thumb, /. e. nearly 2.5. grains-I 
He felt himfelf half an hour after, very he?tvy 
and much inclined to fleep ;. his eycjs were 
oppreflcd, and fpirits 4eje<3:ed, with, a gdn^ral 
lailitude and inadivity pver bis whole body. 
Thefe fymptoms ftill incrcafing, he we^it 
abroad aqd draqk tea abput fix o'clock ; and 
with great difficulty could kepp awake, ha- 
ving fon)Qtimes let fall the tea-fpoon infenfi-^ 
bly. . He complained of a great qneafincfs 

an4 
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and drynefs of his throat, and that the tea 
in fwallowing wa§ like to choak him. He 
had alfq fomc gripes in his belly. After he 
drank tea, he was foon feized with con vul-- 
fions and fo gT^t a degree of infenfibHity, 
that he did not know the people who were 
in company with him. He fpoke many in- 
coherent things, and at the beginning-^ hi^ 
illnefs faid hp was afraid he had taken pbi^ 
fon. The people- who were widi^hiifi bcL 
ing akirxued, ocderediiim to be carriedhome^ 
and fenV for ttte. I fouftd him ihd^pable of 
giving any account of his misfprtune; Hi* 
eyes weri5 open, and rolliflg, now' and then 
he was feized with tremors,' ftaftings, art4 
convtdfions,' graplihg the tied-clpaths, his 
head, face, nofe/and. other part; of his bo- 
dy, in the manner patients frequendy do in 
nervous fevers. His pulfe exceffively fmall 
and \qw yfithfuifulfUi fenJinum. The ferife 
of feeling feemcd alfo impaired 5 for when 
I pinched his ikm, • he made no xiomplahit. 
He had no ihclinatioh to vomit, nor had any 
fkool from the time he took the feed. I or- 
dered him imn^edi'ately a vomit ; and in the 
mean time Dr.. Bojwell was fent foir. - - He fpit 
put the vomit as foon as it was poured in- 

'■'■ ■' ' ' ' ' ' '"■■ ■■ n 
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his mouth 5 fo thai itJa^peafeadihcawte^eit 
jther nm iteprivedlof taftcy- pritadnld not^let 
the voniit overv ^ A rfecond i^mit • wasv^nf^* 
ftkMygiveii, o^tt&idi was alfb^^ifc-urr^it oofc 
A-rolurion of white vitriol Vfa&i^tepvmrSt 
gtven, the fti^ift ^ which he ^alfowed^tmk^ 
fmt^he defined' €fic<a. A-ftrang clyfter mtk 
antimonial wine was adminiftred, which he 
kept about twenty minutes. He got a fecond 
inje<9:ion an hour after. As he continued in 
the fame miferable fituation, a blifter was 
applied to his head, and finapifms to the 
foles of his fieet. He paffed the night in the 
fame condition without fleeping, and was 
?ilternately feized with convulfions, ftartings, 
and catched with his hands at every thing 
about him. In the morning, he became 
more fenfible, and began to fpeak a little 
diftinftly, altho' his head was yet very con- 
fpfed and muddy. He told what quan- 
tity of the feed he had taken, and for what 
piVpofe. His pulfe was now fomewhat 
flronger. He gpt a purgative infufion, 
which operated four times that day. la 
{he evening, he was ftill more diftindt, 
his eyes continued heavy and his 

head 
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head confufed. His pulfe was now quSck, 
fulU and flrong ^ and he complained of 
a great pain and weight in his head. He 
was blooded about twelve o'clock that night 
to the quantity of twelve ounces. He 
fweated plentifully, had good fleep ; and 
was altogether fettfible and dUlinCt next 
morning. 



Aet. 



\ 
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Art. XI. 

Itbe EffeBs of the tbom-Appk^ by Dt". AbH a* 
HAM SwAiNj: Pifrj5^«a« a/ Brentfqrd *. . 

ROBERT BuLMER, a maaof E ftrong eon- 
flitution, 69 years of age, and who 
had enjoyed a good (late> of: health all his life^ 
till, about two years before, when he was firft 
aiHifted with the gravel 5 ln,0£loifer 1746, 
being advifed by a friend to ,take a decodkion 
of the fruit of the common burdock, .a^a 
remedy for his difeafe, by miilake gathered 
the fruit of the Jiramonium or thorn-appl^ 
After dividing three of thefe, - each of which 
was as big. as a ibiaU heas egg, into two 
parts, he boiled them in a, pint of milk; 
which, ^ when a little cooled, he drank t^a^ 
-bout eight o'clock in the morning faftingl 
Prefently afterwards, he became vertiginous 
or giddy ; and therefore rofe from his chair 
to take the air» with an intention to pluck 
more fruit. In walking two or three hun* 
dred yards from his houfe, he daggered as 

^ if 

• Ma/ I. 1755. 
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]f drunkj feared he ihould fall on his head^ 
and that he was about to lofe his fenfes ; but 
had no ficknefs nor the leaft inclination td 
vomit. As foon as he got home he went to 
htdf andcompUining'of ah exccffive dryneis 
of hk tongue and throat, a little water mix- 
ed with wine was given him ; he alfo felt 
an odd fenlation of dryMfS m and vicdent 
girding a-ctfofsthe thorax. Inlefathan half 
An hour he b^iin to faiiher iti his fpeechy 
htbitht mfetUibte^Teftkirg, and muttered fre-- 
quently ; in which condition I found him. 
iiiS' extremities, 'land alfd the trunk of his 
body, were cold. His puKefmall and quick. 
Mt-oltm raifed himfelf on 1^6 knees, cont- 
inually ftretched out his aritis; and employ* 
ed his hands asif fearching^fdr. fbmething he 
wanted ^} his eyes were dull and heavy i af- 
ttr fome tirae,^ he became .'duinb and nnore 
•quiet, had alinoft no pulfcf ;. -and, upon his 
being taken outof bed that-it 'might be put 
into better orders his? linihs were vifibly pa- 
ralytic. Altho' terchangcd pofture^ a little, 
yet he remained ftupid for fix or feven hours j, 
then he raged furioufly, requiring two per- 
fons to hold him in bed,' notf^rithftanding 
which, he raifed himfelf up, toffcd greatly, 

■ ' and 
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and feemed to catch at the byftanders with 
his hands, uttering incoherent fcntences. At 
laft he became fenfible and more quiet, reft- 
lefs and delirious by turns ; and about tea 
o'clock tn the evening of the fame day per- 
fedlly recovered. After taking a purgathre, he 
flept well all night> and had fever al flools in 
the morning. For the fpace of fourteen 
hours he neither flept, vomited, nor difchar- 
ged any thtng by ftool or wine, tho*^ he fjk^ 
quently pa^& urine at other times, being grie«» 
voufly afBtfted yMk the graveh 



Voju^n. li Art*, 



Digitized by VjOOQ IC 



«50 ESSAYS AND OBSERVATIONS 



Art. XIL 

The EffeSl bJ Mujk in curing the Gout in the 
Stomach 5 6y James PringLe Efquire, 
late Surgeon t& the third Regiment of 
Foot^uards*^ 

A Gentlewoman, agbd 43 year&, natu- 
rally of a deUcate conftitution, who has 
been for feveral years fubjedk to hyfteric. 
fits, attended with a dry afthma, which her 
fhape much contributed to j was frequently 
attacked to a violent degree with the gout in 
her head and ftomach» as well as in all her 
extremities 5 aiid with Which fhe was lamfc the 
moft part of Summer 1745. On the 3d of 
November following, (he was violently feized 
with it in her ftomach, which occafioned 
violent hiccups and convulfions of the part. 
The defcription fhe gave of it was, that as 
foon as thefe fits feized her, there came on 
a violent working of her ftomach, and fo 
great an agitation of her back, that her Maid 
was not able to keep her hand on it. By 

degrees 

• Aprile 3. 1746. 

Digitized by VjOOQ IC 



PHYSICAL AMD LITERARY, ayi 

degrees it rofe to her throat, when fhc was 
almoft ftrangled. She could by no. means 
lie down^ but was forced to fit night and 
' day in an eafy cliair; and even then if (he 
lean'd her head to the one fide or other, it 
gave her gf cat pain ; fo that (he was obliged 
to fit in an ered: pofture. Her legs were 
very much fwelled, which fubfidcd a little 
on laying them on a chair; but as fopn as 
that happened, the afthma returned. Sh^ 
did nothing all this, while but. keep herfelf 
warm, now and then drinking a little of 
fome generous wine (as (he faid, to keep 
jt out of her ftomach), and once or twice 
took a little of the tinSi. facra. On the 2 1 ft 
of November about 9 o'clock at night, a 
Lady of her acquaintance, who bad feen her 
in this condition, defired me to vifit her^ 
tho' fhe doubted if I fliould finjl her aliv^. 
Accordingly I went, apd as 1 had feen fuch 
extraordinary cfFe<fts of the /c«y«m inedicine 
in the JingukuSy and had heard from Mr. ^ 
Jtead of its efficacy in other nervous . cgfes, I 
imagined it might be of fooie fgrvice here : 
and therefore I fent her the following bolus. 

% Cinnab. 
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T}l (Stnnah. natii). 

V j df^tmm. dua gr. XKV, 

Msfcb. opt. gr. XVI. 
Syr. half. q.f. F. boks, 

Bcr iakho' this is Mr. Re^i eMtimdji 

dofe, yet,' as ftic was very weak, I ordtrod 
her to take only the one half of k itatu^ 
diately, -drinking after it a oup of brandy^ 
tind the other half in fix hours after* Next 
Wommg I found her , much better, havi«g 
from the firft dofe no more cdnv^lfion^ iti 
?>er fk)mach. I then ventutijd to give her 
a \ffho\t bolus at 9 o'clock i^n tbe Movm^gy 
to be repeated every fout hows until iodtk 
time as fhe (hould fleep or fv^eat : diid 4iat^ 
vvithftanS'ing the toldnefs of the wesitheT'i 
and her being obliged to fit in a <:ha*r, yet^ 
by the time fhe had taken four bolufes, 4 
plentiful fweat and fleep enfued, and then 
ihe \Kras able to lie in a horizontal pofturc on 
her couch without the return of her former 
fymptoms. This fweat continued from the 
afternoon of the 22A till the 24t?h ^t night, 
with very little intermiflion. I gave over 
the bolufes and ordered her a julep, to eight 
pvipces pf which I put twelve grains of muflc, 
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to be taken ad libitum. In this method (he 
continued till the 27th, quite eafy and free 
from all her former fymptoms, and even the 
fwellings of her legs almoft gone ; But as on 
this day flie fancied the gout in her ftomadH 
Was returning, I gave Tier another hdftis. 
She complained this time of the intoleraiblp 
heat of the brandy, which was the firft thing 
(he had found warm in her ftomach during 
this iHnefs. On the 29th, flie was appre- 
henfive t>f ano&er attack, and took -another 
bolus \ afdet vfKrch fhe found lierfelf very 
well, and walked about flie room, the fwel- 
lings of her feet being quite gone. And on 
the 4th of T>ecember went out in a chair to 
tliank the Lady who fent 'me to her, and 
continues to be well to this day. 



Art* 
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Art. XIIL 

^n Accmnt oj an uncommon EffeB of antimo^ 
. nialwim-j ^Z)r. Jawe^ WALif:ER Sur^ 
geon and Agent Jor the Navy at Edin- 
burgh^. 

THE n)inum benediSlum is univerfally 
known to be a ftrong emetic, when 
given in a large dofe ; and it has alfo been 
often prefcribed in fmal^er* quantities as an 
attenuant, fudorifip, and diuretic : but an 
accident lately difcoyered to me a very diffe- 
rent effeft pf it, from any pf the above 
mentioned. 

Being one evenirtg, in December 1755, 
a little hot and feverifli, with a quick and full 
pulfe, I went early to bed, and drank a full 
Englijh pint of fack- whey which I had ordcr^ 
cd one to. make forme. Very foon after 
this, I fell afleep, and continued all night 
oppreffed with an unufual drowfinefs : at ten 
next morning, I with great difficulty got fo 
far the better of this lethargic difpofition, as 

to 

* February 5. 1756. 
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to get out of bed 5 when I found myfelf ftiU 
heavy and inclined to fleep, with a laiQtude 
and numbnefs in my limbs, fo that I could ' 
fcarce ftand. Being thus incapable to go a- 
bout bufinefs, I refoived to ride out on horfe* 
back ; and having mounted with ibme diffi- 
culty,^ found my head very giddy, and had 
much ado to keep myfelf frona falling alfeep. 
After having rode three hours, I returned 
home much in the lame fituation, and was 
fiirprized to find two apprentices with the 
j&me complaints I had myfelf: they coukl 
aflign no caufe of their being fo afFe£fced, nor 
had they eat any thing but their ufual food^: 
except the curd of which I had got the whey«^ 
Being led by this to fufpe£l; fbmething tm-> 
common in the wine with which the poflet 
was made ; I called for it, and had a bottle 
brought me containing vinum benedi£lum^ 
which had been made about a month before; 
and the bottle having been put in an impro- 
per place, was the reafon of its having been 
miftaken for Lijbon. I found I had drank 
in my whey about a gill and a half of this e- 
metic wine, and was furprized it had not vo- 
mited me flrongly. Thinking, however, that 
the finely attenuated particles of the antimony 

might 
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liijght be moflijp fofpended m the curd^ I 
mqaked particolarly at the tvro young Gen* 
diemen who had est it, whether they were 
aflfeffced wkh mf nmtfea or vomiting ; b«it 
tibey told me they found no other effed hot a 
heavinels and great ifnclmatkm tofleep. This 
drowfinefs. continued with them two days y 
but I did not find myfelf quite free of it at 
the end of four days. I do not know if it be 
worth whjle ta ofafeinre^ dhat the day after I 
bad drank the above whey, my pdfe was tea 
ia die mmute £bwer than it had been the 
night before. It may be prqp«i however ta 
Xfiksi notice, that the vinum bnediSum whick 
was ufed, fay miftake, infiiead oi Lijbony was 
made exafdyas is direded in die ESnburgh 
DifpenJaUry ; and I have fince found half an 
ounce of it vomit a patient very well. 



Art. 
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Art, XIV* 

An okfihiiate Dyfentery cured by Lhne-Water | 
4y James Grainger M. D^ Tbyficiar^at 
London ^^ 



-'lArfdaky a ftout, middle agfed, but 



Intemperate foldiet, was klzci November 
1751 with Aivcring andodier fymptbnis tha* 
precede an accutc diforder. The day fol- 
lowing, he went frequently to ftod, and e- 
vacuated blood to the quantity of a g?B every 
'quarter of an hour. TfioT tfie fever w^ in- 
confideraiMe, yet, as be was of a febnguixHS ha- 
bit, the kncet was notfpared. lie Avallowr 
cd fome ipecacuan vontits 5 was gentiy pur- 
ged every third day with rhubarb ; ^nd ha4 
ftnaH quantities of ofnum at bed-time to hin- 
der bis rifing in :tbe night. T!ie third wedc 
bis fundament came dowfl, -attended witb 
but little pain, unlefs when be weat to ftool. 
TThis fymptom, bowever , -w^ tkaeou'% re- 
moved by fomentations of a deco^Stion ef oak- 
'bark. December ; his ftools, tbo'lefs-frequent, 
were mixed with blood and mucus. Then 
Vol. IL Kk the 

* May 3. 1753. 
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the gripes fcized him m good earneft, feme- 
times fixed and torturing like a ftitch in the 
baftard ribs, at other iknes wandering with 
Iwrborygmiy now as it were twifting his guts, 
then cutting him in two, as he expreffed it, 
and bending him forward. They were al- 
ways moft fevere before ftool, eafier in the 
time of evacuation, but eafieft after. With 
tbefe fymptoms were complicated a dyfury ' 
jknd piles, greatly inflamed, but bleeding 
none. Thefe difmal complaints continued 
almoft equally violent for three months, altho* 
V.S. emetics, vitr. antitmn. cerat. mildan- 
tiphlogiftic purgatives, opiates, lubricating and 
aftringent remedies were ufed, as the fym- 
ptoms indicated. Opiates, tho' they eafed 
him, fcldom procured undifturbcd repofe, and 
always affeded his head j this confequence 
of laud, was more efFeftually prevented by 
balf. hcatel than any thing elfe. Vomits 
always relieved him, but increafed the pain 
of the haemorroids. Aftringents, tho' they 
bound him up for a little time, moft gene- 
rally brought on afterwards a more frequent 
inclination to ftool, with increafed tormina. 
Clyfters were impradicable on account of the 
:piles, but he found confiderable fervice from 

the 
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the milder purgativels, with calomel. 5 and 
when the fwelling of his fundiament was re- 
moved by yai^A/zr and emollient, difcuticnt 
applications, they became highly ufcfuL In 
the 4th months the region of the ftomach 
fwelled, with rednefs of his face, cfpccially 
after food, Ind continued' for fix months, al- 
tho' its removal was attempted by bitters % 
and the bark (cautioufly combined with pur- 
gativjBs), mulled claret, and camomile, tea^ 
while proper external applications were not 
forgotten, jipril and Afoy, the haemorroids 
and dyfury left him 5 but his ftools became 
thinner, more acrid, and intoUerably fetid,. 
Then he was feized with a hiccup, his face 
looked ghaftly, his e?:tremities turned cold; 
his pulfe became quick, fmall, irregular, and 
his gripes were rather abated. Evacuations 
in thefe deplorable circuftiftances were im- 
proper, but finapifms were applied to the foles 
of his feet ; and epifpaftics to the region of 
the ftomach with fome fuccefs. A bolus of 
bark, caftor, and camphire was given every 
third hour, and waftied down with a glafs of . 
mulled claret j his guts too. were fomented 
with anodyne, emollient, and antifeptic cly- 
fters. By thefe hi§ deadly fymptoms left /" 

him, 
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him, he could fit up at the fire, and had. 
not above iz ftoois io the 24 boiira, .which 
were hoWever flill ichorous. I could not 
find frotOi the ciurfe that he ever, pai&d any 
of the viltaus fcoat of the guts, tho* Jcybnia 
WT^re frequently evacuated. About the end 
of May ^ he was ablfeto.walk round the ram- 
parts oi Fort-Williant^ and he told he thought 
he would recover, were he fent from Locb^ 
ahtr. On this, he was carried, by water, 
tc!> the Ifle of Mull^ being provided with pro- 
fit tfifedicinfes tb fofWUrd his recovery^ 
Here, tho' the hiccup ^,tiA fades bipp6cratit^ 
did rtot recur, yet his gripes did; and ha 
purged Wood and worffis almoft infeeflihtly. 
The latter end of Juiy^ he was fettt back to 
the Fort a pterfe<ft Skeletons where, tho* I 
am tonvinced thfe air is inferior to that of 
GiJik^DtmArt in Mdiy yet, as great tare was 
tak^n both of his dtet fetid medicines, he plf- 
fed no more wol-ms, his gripes only feized 
him at ftool, whithfer he went rtiu^di iftoro 
feldbm than formerly 5 whathepaffed hbw 
appeared to be tnticm mixed with pus and 
ftreafcs of blood. V^ry fmall dofes of ipeca^ 
puan, viz. eight grains three times a day were 
fben adminiflred to him every third day j 
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but;, thoVthey rtjieved by'Qperttihg botb:M^ 
and dawn, yet diey ficlcco^d him fq much, 
that IwasobUgfiA io fubftitqt^a bolu^rpf 
calomel, over night, and a purging]ptHkn next 
mOrning^^ 10 theif place* The difoafi, howr^ 
€iFCf , did n0t yield j ■ and - *vhcn the regiment 
wras ordeifed to /j march fop Berwick upok 
Tweedy he. was pat aboard the vefiel thM 
4^ried our baggggc* 'Thifi was a hardy ftepi 
coniideruTg his'^Kwakf^fsii and ihe length iand 
danger (rf thevoyj^e J bntJip. could not be 
carried with his eonirades [s>YGt . the '. Bk^ 
piountain^ and he defired todic any wfaerc, 
rather than r^aki in For^WiW^m* Fiicfse 
iix weeks after he landed ^.Bermcky YiA 
ftools were more numetoupi and ftill :yefy 
painful. Sometimes ^lood^; fometimes iljDie^ 
ibiiMstknes i€hor» and once he pal^ a great 
quantity of haidened excf emenls^ which re- 
lieved him of a dull pain of. his left hypo-^ . 
chondre i his legs too, at. night, fwelled 
and pitted to th^. touch> and his ftomach was 
often inflated^ Bittern, with fteel, wiere 
prefcribedi and camomile tea drank for 
breakfaft, while the utmoft regard was 
had to diet; the wVr. Maimon. was agaia 
trifd^ aftdaium polfct recommended* ' The 

dyfent^ry 
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dyfentery baffled all our attempts ; and now, 
defpairing of his recovery, I ordered him to 
drink lime-vsnater, with a third part milk, to 
. the quantity of an Englijh pint and a half every 
day: It was at the latter end of NovenAer 
1752. In three days time, there, was-a fen- 
fibie change to the better,* his ftools were 
lefs.frequent, and his pains abated. Encoura- 
ged by this happy beginning, he was ordered 
io drink lib. iii. of lime-water a-day. This, 
in three weeks, made him fo. cotflive, that I 
was obliged to clyfter him, and diminifti the 
ifq. calc. to the quantity firft oiid'^red. In fix 
weeks from his taking this medicine, he was 
fo thoroughly recovered, that 'he was difmif- 
fed the hofpital, and foon after marched to his 
company at Carlijley where he ftill- enjoys 
perfed health. The diforder was on him 
full 14 months 5 and I have feafon to think 
his recovery was chiefly owing to the lime- 
water, after the moft celebrated antidyfen-* 
terics had been ufed in vain. 

The dyfentery is endemic at Maryburgb^ 
near Fort-William^ and commonly attended 
with procedentia ani^ piles, dyfury, abdomi- 
nal inflations, oedema Sy and hiccup. Many 
ef the foldiers died, cfpecially the more in-t 

temperate j 
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temperate ; between the 20th and 35th day, 
is the fatal period. Thofe who died had 
mortifications of. the great guts : it began 
with us about the latter end of OSlober j 
autumn however isits ufual feafon; it rages 
commonly two months, tho' many have it all 
the winter, and I always obferved them worft 
in rainy weather. It may be worth while to 
obferve, that of late lime-water principally 
conduced to cure an Officer of a dyfentcry, 
while another was efFedually cured of a 
weakncfs in the bladder, by the fame re- 
medy. 



Art. 
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Art. 3CV.' 

The antbelminlk Virtue (fthe Bark of the mid 
Cabbage vr Bulgt^^nviOtr^ree^ by the late Mr. 
P^TEii DuGuiD lat£ Surgeon in Jamaica, 
in a Letter to ALEXAi^DETt Monro jeniory 
M.D.^ P.A. 

THE Ayrlters on the difeafes of the 
Wejl-'Indies generally tate little notice 
of the Inhabitants oijamaicay young and 
old, white and black, being much troubled 
with worms, efpecially the long round fort. 
They are however fo frequent, that every 
pradifer ought to have regard to them in 
treating moft of his patients, I imagine thcfc 
worms infeft the inhabitants here on account 
of their fweet vifcid bread-kind, to wit, plan- 
tains, yams, bananos, fweetifh potatoes, &c. 
which are fit nourifhment for thefe vermin. 
I was lately allowed to open a Gentleman's 
child, that, at feven mpnths of age, died of 
vomiting and convulfions. In its inteftines 
there were twelve large worms: one of 

them 

♦ May I. 1755. 
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them 6lled the appendix vermiformis, and 
three cif them vtetiC intcrtfcrifted in fuch a 
manner as to block up the opening at the 
^(Takuiu Tii^f, fo^ tH» A ifcfliiHig coutd^ pals 
^E& th« /mall to th^greaC g(ft&v 
; Natw»«^ lias ■' bdHAtl^itty provided the 
people here with a pow€r£&l-item«dy>.a^nft 
fo great an evil. This is the bark of a tree 
^rowifig' pJentifuily ih "this" iltarid: '' 'i'i^- 
hkbitanti 'tifiiv tJ^Ud Caibdgeov' bulge-'watefx 
sind iron)' wlikt I haVe'.ifeen, ifappeab.td be 
the* moft powerftil Vtei'mifuge yet khoWiij 
for ,ii i:ki^\jtn^Y\^t'Mpk^iy aS inafly'.WttV^^ 
fc^ 'ftooris* Wdiiid, 3l| 'a large hat:' 'ft i$ 
cohiftipiily ''^iven in " dfediiyiSft^^bdf'nbJE ' in 
aiiy' fegul^; "<luantiryY "tfte." hisgroes' Mh^ 
gehei-ally ^ihe pr6p^eW' "6f*'' th-ii' itf6&iciner, 
and therefore no wonder that it fomeiimes 
has' vefy violent ^edts/'^laih hov^'ma'kihg 
Experiments fof aifce/rraihin^ 1^6 ^pt' tb pa- 
tients of. different ag^s,"aTfd' fhaflifoorf feiid 
you tlife- fefult of .my ;trfafs7'.l5gfeth^r^-<^h 
fome pf tjie bairk' itfetf; ' 
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Art. XVI. 

The defcription of a mmftrws Fcetm -, by Mr^ 
John Mowat Surgeon at Langholm, in 
a Letter to Alexander Monro fenior^ 
M.D.& P.A^. 

SEVERAL learned men having of late years 
difpiited about the formation of mon- 
fters, it is probable the hiftories of them may 
be of ufe in accounting for fome pbanGmena, 
in nature s on this account, I fend you the 
following defcriptioji of one, which will be 
better underftood by the figures which young 
Pi:ofefrQr Monro caufed to be drawn of it, of 
half the, natural dimenfions. See plate VI. 

r — : -when fix months with child> 

had thi?^ abortion, which lived half an hour. 
Tab, Vi.^. I. A A The lower parts of the 
bodies oityrofcmzUfa^tu/es^ with their low- 
er extremities in a natural ftate. 

B The navel-ftring common to both /ce^ 
tufes. 

C The bodies joined immediately aboVc 
the navel. 

DDThc 

♦ May I. 1755. 

Digitized by VjOOQ IC ■ 



JBHySICAL AKD UXERART. 2«r 

D.D Thi? fppcrior ^xfrediities of the more 
com pleat /^/««, which is here r^{iref^nfed 
moft in view. '< 

JiliSi&i^eripr'extr^^ th/ei otiber 

y^r/2tf. All the four b€mgqfznzt\if^£&tm^ 

E The fiermmof the miorc compleat^/ijg^i^^ 
which had clavicles joined to it in the com- 
mon way, as the other alfp had. I 

F One. neck common ia appearance- fb 

The face and ears, being natural,; need 
no letters pf reference to their parts. ; ^ 

G The fp^-ehead had hair farther down 
than orcjinafy, • , r c [^ 

H The top of the be&d of an extraordinary, 
breadth, 

I The hairy fcalp covering the parietal 
bones. 

K The right temple of ih^ fi^m D D. 

L The teguments covering the occipital 
bone. , , 

M The occiput pf the other fcrtus. 

Fig. 2, The back view, of thefe fafujes 
where the head, neck, and fore parts of the 
thorax only are reprefcnted. 

N N The fcalp over the four parietal 
bpnes. 

OO— - 

Digitized by VjOO"Q IC 



CtSJThe two meatus auditorit:''''^ "' ■''-"-'■ 

UUTheforcjkrt-Qrtfeeartafi;' '^'' ' ' "■"- 
having nothing preternatural. 'Vf^tth th? 
^Mfkjett^of'^KkJ'^us ' was dl?firf£l- kr ■ A A, 
the vifcerawere Jfl*^'nuturat ftatef, ''afld in 
ifcW'^dlvMcd' cavity ^of 'the bdlfj/' iJb'oVfc, 
there were t\yp ftomachs, liver^/'ij^recis,' 
'riifbfliha'duh^'aij^iMixi^ iliu/tf^ but I fawr. 
only one omentum and one pancreas^ OneiJ-' 
phratgm divided th'd^^Jdfhenfrom'the thorax - 
but it was pierced by two <u<?»^ f^v^p ajuJ two 
afophl^, and tWQ/zoP/^Vf/i:^„>^;;^i''p^iJ'g^l^^ 
tween-m appendices^ ^ach fide'wlicre tjig: 
vertebra were. ... . „,., " '" ' 

THERp- was.a/^r«a^ ^6 tj|ie>i5^^iV.>Qth 
^des E/^. J. and T;^! ^: pmj^ichjernum, 
a mediafanim was'_^^Jend?d tp'f :lig^men.t£^ . 
%% fub_ftai^ce, AyhipF'waa contiqt|ed.er^f- 
^r9^ ORC! fpine to the other.. Im; 
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^ach mediaflinum was a pericardium with its 
heart and veflels as in taXmzX Jcetufesy and 
on each fide of-tach -M^JS^inum was a 
^i&OTtfx with lungs. Thofe in the tixtrax 
of :<iibk mon\vmpki^^ «he^, # 

iHdt^ wUfi ihpfiioe; beingisTa^te oelk^ ^d 
£^imii|ing 'Whertxput into'.wtoerV Whife"1he 
other lungs were of a redder cSl&^M^^k 
in water. 

. ^E^^ijpiifer^gmdu^ijt^roiM^dl ^^Tv^ 
thecisi theyd3Kettd«*Ji»w«ds'^fhe necl4^ 
thc-iowBirpart M? whl^h'the^^ts of tfi«f='ttyi' 
diefe. aftbeTfjertS^r^ fteiiied tb <be ti(intlgbda& ;^ 
butl pijfhed"^ p!*6be up between tfieitt W fai^^ 
afe.thefecowd^«*>^i?^/jr. --: •'" ' •. •.:..\f''^v 

rWiTHJN-i^lhe liead 1 tiw it^hiiMfffdti' 
eada fide^ ' dividdd- frbm i ' coflmion ttrebrim ' 
by ;a intmbninotid )ffei«:»i jfM-oduced from the ' 
duriaHxsfw, ifhe parts of the encephalon were 
too foft awP tender for -t&f diffeftion, and f ' 
c|?aijiincdrii4 atiitiwrty ri6 further, but hive 
thcvmonfterrihfpiriti'with the three gr«!at ca^ 
yities filled with Unt and bran where! thV 
bowels were Kken out, ' "' 



■jr:. 
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Artr. XVIL *. . 

^ Pi^^ion o/'tbe fame Mmfier «9ntume'd\ 
: (^ 4i(>]^xAiii>!^K Monro junior, 'If.' D. md. 
.^r^^ff*^ oJ.jSnatomy in the VnifoerjUy of 
E^mburgh *.-•:?:.:.. ■ ■< , '■ ■■'■-■ 

MY . fatha: Inving . ihcwed me- Mr, 
/ Mowti'^' defcription of the tnon^ 
ilrpus/^/«^, and a model of its form in wax, 
I wascuripus tp.know how the parts of the 
hjead^.and neck were formed,. -The prefer^* 
ytA Jcrtus was obtained with difficulty, and 
under apromife that no difie^lpn fhould be 
made which might fpoil its form. .The fub- 
jedl was unfavourable, and the promife ren- ' 
dered the diffedion difficult, and impoffible 
to be performed fo accurately as . I wifhed. • 
After drawing afunder the two parietal 
bones of each fide INN (fee^^Mr. Mowafs 
Jig.) tp take put the lint, &c, with which 
the Ikull was filled, and having cleaned a? • 
way the matter, membranes, &c. adhering . 
to th? bones, I faw the cranium of a natu- 
ral 

* M?y I. 1755, 
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n\ forto op'ihat fide whcre^ the fifcc-l8,-'fo 
far back as they^Z^^a iUrdicd^ behind which^ 
the endsU>f tfc^ cuneiform proGfeflciSf of- 4i» 
two occipital bones united together.^ From 
each of thefe cuneiform p^oceffeS' tbd ' ^mA 
pital bones extended of a natural enough? 
ferm to eftch fide-; tiiefr -fituatioamay kit 
judged by confidering the figures at L, Mj* 
or-O, O, h^vJng each zj^amen mapmn ibt- 
the fjMnal marrow- >> At riiepfide^of each o£ 
the occipital bones, near^fil to the'coftjdrie^ 
preternatural ekrs, iain ^£/^^^ wai |da^dd, 
hut withoQt''haying.aiiy*fqvumin(i6us.part of 
the temporal bones, fuch;as were oil the: o^ 
ther fide of each occipital. Between thefe^ 
cjja fetrofa there was a triangular little bone 
which fuftained thefe preternatural ears, 
and was inftead of os etbmoides^ fphenoides^ 
and t\vo fquammous bones. The/^/wj with 
the face had therefore all the common nerves, 
but the fcetm with only the conjoined cars 
wanted the i, 2, 3, 4, 5, and 6 pairs. 

The meatus Q^QJig^ 2. led into the organ 
of hearing. The orifice R was the entry to 
a paflfage which opened into the cefopbagus of 
the/^/wDD. 

Tub 
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yyiKpr'^nd.-.tht) (v/^^/^4^ d«(«$ddiag iram: k j 
theso M»^ aoothcrVtirfru; fU)4^tfn^. .From 

ii;^d«i of the IjMW^Qf op« of ^b« n*r^< wrhicifc 
|wn*d: jwlih. thcbitwsf icootinwjd-fton* R-tci 

XcoHld not {tfofectytfi dte.rd&lfi and necvea 
j^c^iPQ.dkerindc and ji^nritbout breach 
q() prit)mifev md liicxeforp jcfttt! ^ve no ac- 
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, Art. %niL -'■'■'■'■ 

Bones found in the crvaflum of d Wonidri \ h^ ^ 
£)r. GEoRfifi Young, and communicated 
to the Society by Df:]6vi^ Boswell, ' TeU 
low of the koyat' College of ^ Fhyfiddns in 
Edinburgh V ' / - 

AWorrtan'neaf fifty years df age, who 
hid never hid i child, being fbtif 
months obftruded, thought file had con- 
ceived; but the fAenfes^ ihtn returning, fhe 
had exccflivc ffooding,* which v<^as fometlmes 
in great qtiatitityj at other times ;wag jfcfs, 
but fcarcc ever intermitted for a year and i 
half. It' was then flopped by fome medi- 
cine ; after which, her belly fwelled td fuch 
a degree in fix weeks, thit her lirine wasf 
al0joft totally fuppfefied i fhe w^as Very co- 
flive unlefs wheh dyflfers were ^ivcn,* and 
fhe died in a few days more. ^ i * 

' On cutting the teguments ofth&^hdomen^ 
a large quantity t)f blbody water rulhed 6uh 
and when the containing parts were • fttfly ' 
Vol. II. .Mm opened, 

* November i. 1737- 
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opened, all the cavity was bloody, and the 
veffels were large and turgid with dark-co- 
loured blood. Na bowel was now feen 5 all 
that appeared in view being a great number 
of irregular flcfhy lumps, which were blad- 
ders full of a red watery liquor. Some of 
them were of the fixe of the largcft apples 
I have feen, others were as fmall as pigeon-* 
eggs 5 and there were of all the interme- 
diate fizes between thefe. Upon a ftrider 
e3camination,^ thefe veficles were found- to.:be 
all contained in one common cyft, of which 
I had cut the fore-part with the teguments 
of the abdomen. The large cyft filled all the 
belly : when it was raifed, the bowels ap- 
peared \n a natural ftate ; except that, 

1 . The left Fallopian tube was very large. 

2. No ovarium of that fide could be feen 
unlefs the great cyft was that ovarium im- 
menfely diftended^s 3. The right ovarium 
was aa .big as the head of a new-born 
child. It contained a vifcid white-co- 
loured fubftance refembling maflied brains, 
which run together like fuet when put in- 
to water. In this ftufF I found the bones 

• hf rewith fent^ 

The 
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The bone reprefen ted in plate Yl. Jig. 3. 
is a piece of a jaw with three firm denies mo-^ 
Jares^ A, in it. Mg. 4. and 5. arc two 
views of a part of a jaw, in which are three 
denies moiaresy By irr«g«lariy fet, and anrV 
q/or C. r c 
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: Art. XIX. 

Ffi)qfi aj tbi C^hfiguity of, th( Lungs and 
Fleura -, by AtEXANDER Monro femor, 
M.D. (md ?,A.^ 

THE experiment of opening the thorax 
v^fithout hurting the lungs of living 
animals, while the trunks o^ their bodies arc 
immerfed in water, thro* which no bubbles 
ofaii? rife after the perforation, as propofed 
by thb ingenious Lieberkubn and executed by 
the illuftrious Halkr^f, is a decifive one, if 
rightly performed, for proving no air be- 
tween the pleura and lungs. But, as an m-r 
wary opemtor may wound the lungs in per^ 
forating the thoraxy when air would cer- 
tainly rife in the water, . from which the 
lexiftence of air in the thorax plight be con- 
,.*> eluded, and feyeral other circomftances 
may, ajjd h^ve caiifed the conclufion from 
this experiment to be difputed ; it may not 
|3e amift to ijientipn fome eafier ways of 
, ; ^ proving 

+ Ppufc. 4t refpirat. 
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l^roving the non«exiftoncc of air in this places 
Such W© thfi:fQllfi»iDg ; : : V 

: If Dissect the tegumfftfe and tetercoftal 
roijifi?|^9 fffim ti^e />^«r^ pf cither a dwd 
inati or qyadrrtpe^ with9itfrW^tt»ding tlw 
membrane, in wbich;th«rc is no difficulty i 
thm. puU up tsA deprelB alteimatcl}^ the fiern 
mm.^si^ ribs as tiften as you wilU the lun^ 
are feen: contiguous all the .while to. the 
pleura \ but, tm making : a fijiall pundlurc 
thr?r this membradDdw theiuags, if they are 
opt grown to the. if /«rtfv which, ia often the 
ctjfe in the human fubjeta, : fly from the 
fikwii^ andareincxnor^ fcen; 

%. This Qohnaaion of the lungs as4 
fUuta^ more or l^s of which is feen in nwft 
human bodies, implies ftrpngly a natural; 
contiguity pf thefc two parts, . 

3. Lav bare the pleura^ without woftnd^. 
ing it, between two rib&pf any living quadra-. 
p$d, which reqpifcJs no great dexterity ; and 
then the; contiguity of" the lungs and fJeurai 
may be feen, tho* the lungs are conftantly 
Aiding and changing place alpng the pleura^ 
smd tho' this naen^brane is in different dates : 
while the creature infpires, it. is concave ; 

during 
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during exfpiration it is convex and prominent 
outwards, for this^ plain reafon, that while in- 
fpiration is performing, the air does not pafs fo 
quickly at the narrow glottis as to fill the liings 
it once with -air of dcnfity and weight equd 
to the atndoTphere ; and during exfpiration, 
the air cannot efcape fo faft at the glottis z^ 
to prevent its more than ordinary condenfa* 
tion andtexpaniility in the lungs than the ex^ 
tcrnal air has. • - 

If we iwere to find: accumtely what, 
wei^t the pleura could raife when It is 
made convex during ex^it^tion in the pre*^ 
ceeding experiment 5 would nor this 'deter- 
mine how much more preffvKre, than that of 
^e atmofphere, the part of ^the liings within 
tht^ ^elevated pleura^ on whiidi this weight 
is fuftained, is expofed to ? 

Would not the preflure-on the fame part 
of the lungs during infpiration be nearly 
as much Icfs than the weight of the at- 
mofphere, as is the weight raifed in exfpi-; 
ration s fince it is the faiiift glottis which 
allows the air to pafs in both cafes ? 

Is not the force, by which the infpiratory 
organs, ading with the greateft energy 'of 
the mind, exceed the power of the exfpira^- 

tdry 
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tory organs uninfluenced by the mind, con-* 
iiderably lefs than the weight of the at- 
mofphere 5 fince, if, after exfpiration, we 
prevent the entry of the air by tho ghttis^ we 
cannot dilate the thorax as in inlpiration, tho' 
there is ftill a good deal of rarefying air in the 
lungs ? 

Do not the infpiratory organs, during 
infpiration, overcome the refiftance of the 
expiratdM| organs, and likewife that {hare of 
the premire of the atmofphere, which the 
zixs ruffing into the. lungs, does not- ba- 
lance? ^ , 
.. Are not the ribs arched, and the fpaces 
between them narrow, to p|:eveat ill effedts 
from that unbalanced part of the atmofphere 
during infpiration ? 



Art. 
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Art. XX. 

At Account vf ftfne 'Experiment i made •wtii) 
Opium on Living and- Dying Animals; 
by Robert Whytt M.D. F.R.^. 
Felknv of the Royal College of Pbyficians^ 
and Profejfor ofMediilHe' in the Uni'tiirjity 
g/" Edinbufgh *. ^ ' 

THE ancient phyficlarts imagined that 
(?//e/w extinguifhed the flame of life ift 
animals by its exceffive cold y and in later 
dmes, there have not been wantirfg^ thofe 
who deduced its cfftdls from a quite oppdite 
quality, whereby it was thought to, rarefy the 
blood and to comprefs the brain or origin 
of the nerves. Thefe falfe notions, however, 
of the nature and aftion of opium, have been 
refuted by feveral of the moderns, whofe 
writings have thrown confiderable light 
upon this fubjedt. 

The following experiments were made 
with a view ftill further to illuftrate the man- 
ner in which this wonderful drug produces 

its 

' • Auguft 7. 1755. 
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Its effe^s, and particularly to ihewk^ ih- 
flufince upon the motion of the heart. 

I. Having inj^a^d a f^l^tipo qf opium 
ia water intp the ftoniach aacj guts qf ^ ff^^ 
lobferved, that in little nwrci than h4C.«ft 
hour it teemed to hiye Jqft all power of 
motion, a§ well as feeling j for there was oq 
contra(aion produced in t^e nwifck^ qf 'm 
limbs and trunk by irrit^jtiag them. . I 
opened the tbor^ an hoi^r after th? io- 
jeftion, and found the he»rt^ inftead, of be- 
tween 60 and 70, making only 17 pfilf^tjiona 
in a minute. ^ The aujricle;| which was.ipnch 
diftended with blogd, alvfay^ coptra(3;cd fiift, 
and after it tl»e ventricle, 

2. A frog continued to move, it^ linabs, 
and leap about for above dfl hour after I 
had cut Qut its heart, and was not quite 
dead after two hours* apd a half. 

Five miput^s after takp^g out the heact 
of another frog^^ I injeded a folution of 
opium into its flomach and guts. In lefs than 
half an hour, it feemed to be quite dead ; 
for neither pricking nor tearing its mufcles 
produced any contrafition in them, or any 
motion in the mepibers to whifjh they be- 
VoL, IL N n longed 
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larjgcd. . After. cutting off its head, a piobe 
pufticd inti)^ the fpieal marrow^ made its fore- 
legs contra<a feebly. 

3»EiGftTEEN« minuter paft fonr in the 
afternoon, I injedlcd a ftronger turbid fo- 
lution of o/fw;;*' in water than that ufcd in 
the preceeding experiments*, into the fto- 
mach arid guts Of a frog ; and as it fquirted 
©lit moft of tfhe folution injefted.by the anusy 
I threw incfomc more in its^ place. At 
twenty four minutes paft five, I opened this 
frog, and obferved the heart with- its auricle 
greatly diftetided • with blood and beating 
veryflowly, not' above feven-^ times in a mi- 
nute. When the. heart was touched with 
the point of a pair of fciffars, its motion was^ 
rendered quicker for two or three pulfations : 
^fter which it became as flow as before. 

4. iMMEDiA^fiXY' after decollatino- a 
frog, I ^ deftroyed' its i^inal marrow, by 
puflilnga fmall probe down thro' its fpine, 
which <x;eafioned ftiong convulfions of alf 

the 

* Fiz* half an owxc^<£cptw»di{hhed in eight: ounces of^ 
water ; which was alfo made ufe oif' in all the foUowing ex- 
periments. The heat of the folution was nearly the fame 
in all the experiments- -was. atout 60 degrees of FarefiJ^etYs' 
tfaKermonjeter. ^ 
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the mufdeSi' cfpeclally tltefe of the ihfcWor 
extremkies:' 'Ten- miiiiit^e after this, I opened 
the thoraxi and found the* heart beating at 
the ratettf;4^«i8n&s^i*a'riiiH4itc. Sfettegfrf&U 
nutes after decoilatiori, it nrfe\^ 40 tiriiea^ln 
fl/tninutd;- Aftef h^lf aA^^'fenir it rnadc 36, 
aad after fifty nrinuteS'ortly 3?^ pulfrtklns' Ja 
the minfute^ whfch were^iiow alfo becbifie 
ycry fmalljand fteble. '^' ' : ' i - '^ :i' 

N.B. When^ I <>periea the ^arax' x){ 
another ffog immedigtMy-^flfter fictoHation, 
and deftraying its fpihal dharrdw, • I ^bfer^d 
its hcimieating at ths ^«fe 5f $h &- i fhi- 
oiite,. : whichi is fpuf ic^^^vie puftfatlofi^'^^lefs 
than I have generally fe€n'^ the 'hearts of 
frogs ^m^^ in- that time, when th©it ihc^-ax 
v^as o{K»ned withoultxSecollation^ ' ^ 

5. Ax. niae niinut^ paft deven in the 
fcrenoon,. immj&diately^iffcfdfecoUating an- 
other frog, I deftroyed its fpinal marrow 
with a red Kot wire, ,which produced ter- 
rible cpnvulfions in <all the mafcles, as irf 
the laft experiment. ;I opened th^. tborax of^ 
this frog tbfrty Jive minutts after decollation, 
and obferved its heart- heating 30 times jn a 
minute* The contradion of the auricle re- 
gularly preceedpd that; pf the heart : the 

auriclfc 
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^unicle was not near fo tijuch diftetided with 
t)lood, nor t)i9 bf^art fo much fwelied as in 
thQ^fs frogs whidi had a folutjioii of opium 
lAJ^ed into theii: ftoniach .and gUts*. At 
one o'clock {vizt% ;an hour and 6% one mi- 
iijfite^ after (^collation )> the heart of thit 
frog made 20: puMitions^in a minute^ At hatf 
an houf paft twp^ wl^n the roo^: wlas be^ 
pome warmei: by the fhining of th^ fun,: it 
beat 25 times in u minute; and \vhen|>iaced 
in, thq fun-beaiQS, it|>erformed 31 ^mntra^ 
^ons in~th$tt tvp^t .^fter thi$, I rJ^moved 
the frog to $n ^ft wipdow, whfcrt.it was 
expofed ^, a cxxjl. ferowpQi^ lipon which the 
motion of ita heart b&came flower) io that 
\n a IhofX time itioply mad0 25 puifes in a 
minute. I then expo&d it anew tcrthe fun^ 
beams, by which its. motion was foon 
quickened, fo that.it beat 30 times in a 
minute. . . 

At twenty fiye tnmntes paft five in the 
tytiiiT^g, {viz. Jix hours and fixteen minutes 
after decollation and the deftru<aiph of its 
fpinal marrow) the auricle of this frog's heart, 
whi^h was ftill filled with blood, cpntraft- 

ed 

• See Nq. ji above, and^ffitf on the Vital and other 
||iyp)antfiry Motions of Ai^iiinals, p. 371 k 37;. 
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ed twelve times in a minute ; but the heart 
icTelf Jay without motion, wm Avdled and 
very red : however, When pricked with a 
pin, it performed two or three pulf^tions, 
and then remained atrefti till roufed by a 
ntw Jlimukii. At thiny five ihinutes paft 
five, the heart feemed to be quite dead, but 
the auricle continued its motion i nay, at 
half an hour paft eight, near thtee hourt 
afler the heart had beeh Without mmibn, the 
auricle, which was very near as muc]^ filled 
with blood as when 1 firft opened this frog, 
beat 1 1 or 1 2 times in the minute ; its puU 
fetbns^ however, were not now fo reguUr 
j0 \d time, as they had been before. 

Is it not probable, that the auricle of this 
frog's heart beat : longer than ufual, becaufe 
it Continued, to the laft, to be filled with 
blood s whereas, generally^ the auricles of 
frogs hearty, which are opened after decol- 
btiqn and the deftrudion bf their f pinai mar* 
row, expell, after fome time, the blood 
which they contain, aftd acquire the ap- 
pearance of. a fmall pellucid bladder filled 
with air ? 

6. I laid bare the abdominal mufcles and * 
^kf^rax of a frog, by difiedine off the ikin, 
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and at twenty oiinates before nine in the 
morning, I immerfed the whole body of the 
iffog in a turbid folution of opium in watery 
i;i a fmall bafon, which I covered, to pre- 
vent the frog from leaping out of it. Thir* 
ty^^ve minutes after impierfion, J took it out 
of the folution and opened the thorax and 
pericardium. The heart's auricle, which 
was much diftended with blood, beat 15 
^mes in a minute, but the heart itfclf, only 
4 WXi^r Forty niinutes paft nine {vizi^ 
twenty five minutes aft?r the frog was taken 
out of the folution of opium) the heart feemv 
eii to have recovered more life ; for it per- 
formed eight puliatiohs in a^minute : cthe: 
contractions of the auricle no«v became 
feebler, and were fcarce more numerous'* 
than thofe of the heyt, but'always preceeded 
them fome little time. Six minutes before 
ttn this heart moved only fix times in the 
minute. Twenty four minutes paft ten it 
made only five pulfations in fixty.five feconds, 
the firft, third, and fifth of which pulfations 
were after an interval of fifteen, feconds, and 
the fecond and fourth after a paufe of ten 
fcconds. Seventeen minutje^:: before twelve, 
^pd two hours and twenty eight minuter after the 

frog 
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feog was taken out of the folution of opiuniy 
its heart moved only thrice in feventy five 
feconds, and performed its' fyflole very flow- 
ly. Before two o'clock afternoon the heart 
was quite dead ; but how long, I cannot 
fay, not having had leifure to obferve it from 
a quarter before twelve to near two. 

7. After cutting off a frog's head and 
deftroying its fpinal marrow with a red hot 
wire, I laid bare the abdominal mufcles and 
tboraXy as in the laft experiment, and immer- 
fcd the whole body of the frog in a turbid 
folution of ^//^w, at half an hour paft tiine in 
the mornings Thirty fix minutes .after im- 
merfion I took it out of the folution, and 
opened it& thorax- and pericardium. The 
heart and its auricle beat, each, twenty fix 
times in a minute^ and the pulfations of the 
auricle preceeded thofe of the heart regu- 
larly. The heart did not appear to be more . 
fwelled or redder than in a natural ftate, 
and the auricle was not near fo full of blood 
as in Exp. 6. Twelve minutes paft ten, viz. ^ 
fix minutes after this frog was taken out of 
the folution of opium, its heart beat 27 times 
in a minute. At eleven o'clock it perform- . 
ed 18 vibrations in that time i and 16 at a 

quarter 
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quater before twelve. At two o'clock 
afternoon, the auricle, which, having ex- 
pelled all its blood, was now only filled with 
air, continued its motions ; but the heart lay 
at reft. Ten minutes paft four, /. e. five 
hours and forty four minutes jfter the frog 
was taken out of the folution, the auricle 
of its heart beat 9 times in iixty four* fe- 
conds. 

• 8. 1 IMd bare the abdominal mufcles and 
thorax of another frog, and at fourteen mi- 
nutes paft eight in the morning, immerfed 
it as above in a turbid folutioo of opium. 
Fourteen minutes paft nine, I took it out of 
the folution, and laid open its thorax and 
pericardium ; after which the heart began to 
beat at the rate of nine times in a minute : 
but the auricle, which was greatly diftended 
with blood, made no motion, except in fo 
far as it was agitated a little by the pulfation 
of the heart : nor were the mufcles of the 
legs or thighs brought into contradion by 
cutting or tearing their fibres. At half an 
hour paft nine the heart beat only 7 times 
in a minute ; and the auricle, which was 
now pretty empty of blood, and, in place 
of it, filled with air, had a puliation as well 

as 
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i. ^e. thirty thr^e minutes after the. 'ho^' Was 



taken biit of tlie folvitron, the.auncl^e mewr 
eci, at cohfidefabie intervals, a* very faint 

pulfation, JDut the h6art lay. without any mo- 

'*\ /•• ^/^ iO Ti :;.■■/, ill •}: i' .^'nu::/ c; i:: 
tioq. . ., , ..^ 

, o. The vlame day, after ctiftinsr off thp 

head and pellrftyingt^^^^ fpj?.?! parrow of anr 

other frog/ t laid bare its ahiddminal mufcles 

and /&?r^x;* ,ahd, "at eighteea minutes paft 

ten, jmmerled it in a folution oi opiUtn^ .ai 

above. * Eighteen 'miriutes'paft eleven » 1 took 

It out, of the folutioii anp opened its thoraoc 

and pertcaraium. after vvhich the hea^rt beean 

to mov^at the rate or o times r in a mjn\it;cj. 

Twenty 1iv£: minutes mYF eleven, ,th^ . hQarJt 

beat 'I t time$ in. a nynute j and, at, twelve 

o clocK It perfc^rmed, betweep : j j and. i4pVir 

brations.in the fi^pie time./, At- two o'cIqcIjl 

(viz. two hours andfprfyti^ominute^^'^hG.tth^ 

froff wa& tkkei> out of the folution) 'the. m^^ 

ricle^ which ^was now, filled vyith air, con- 

tinned to vibrate,weakly,, a^Qut ii.timesrio 

the minute : h«t ^he heart itfelf was withoujt 

motion^ ^ Af. terx JEBJputpSr hefof es ipun^ in the 

.' Vol. IL O o move. 
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mqv^.-.. but more, fpebly . than the auricle 

16". I laid open the whole abdomen oi a 
larger Tr'og tiiai) stny of the former j aqd, 
at twenty tviro minutes paft ten in the morn- 
Tng^ 'imm'erfed it in'a folution of optum^ ds 
above. Thirty Jive minutes after immerlion, 
't took ir out bf the folution, apd opened its 
'thorax and fir^ardium. The heart was 
yaftly ^ed.and much, fwellccl, and its auricle 
greatly diftehdcd with bloody but both were 
without any Wtion r after two minutes, 
however, the heart began to yiWate at great 
teifurc, fcai:cely performing nine.pulfations in 
a minute; hixi the' overftretched ailricle 
riiadfe'not the Tmajlett motion. .During e- 
y try jyjloky the heart wis remarkably, paler,, 
^hd iii the time of it's rqlapcation became much 
redder ^i ' which phenomenon I obferved like- 
•w^ys m ia:ll* thtr frbgs hearts in the above ex- 
periments, but^ more reniarkably in fhofe 
frogs who had beeti expofed to the aftion 
of bpiWf. " Another thing, which I remark- 
fed in all thefeeitperimeiits, was, that the 
heart, 'dtiring \is^}iftok, became manifeftly 
fhoittri and Was lengthen^ in the time of 
its relaxation.' B\it to j^amV* it fix minute's 

' • pfaifc 
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pift:ntwelwi" Y^* ^- ^' #^ ^^^ ^^ ikimm 
after the frog was taken out of thei$)kitl:}h^ 
ks -heart made otAy^ &: Kulfetions^ifi ithe ttii- 
uute f in4'at vpleitea ttiiiutefi 'pM^rtwdvej 
obferving it without motion, I pricked M 
with a: pin, land breaihedti^oiiit,.^jD htdttto 
renew ite pulfatbn'^ but to noiptrrpoSfo: Vft - 't 
' 1 IV .IrWENTY cigfit nrarateav j>aft &vcitifi 
the emning, I laid, open; )the whb\draMomen 
ztvSi.tboraxdl. a j&og, nand inimediatef^^ after 
knmeffed it in.a folut^on of it^iVii^ as^'^bove'* 
Thirtyreigikt rn2f3at^|ffl[ft^feTen:/'^«ikieIiiprid^ 
fid kib legs:^ith Jthdpditfijo^ a :|)eakiiife, vit 
mdde]irebyiil^e.nwl\oi&o rXwdcdiioaitelaafibeo 
ffei5>r. I iw D^dJfc ta::^hsi|Hi(iki and olaiftrvediiia 
hea^d i:BO¥ttig-Qnly;bQtw]een ,1enhaiKi ^tifjm. 
times in:*; mmute,. Having laM-ithc'frag-av 
gain jQft it^ bislfy, thtt it might ,be> nw>rcrx3&r 
pafodr to th«ij|ftiori-ofnthf? opiuiH j ^at 'f^trtji^ 
right jpkot^ !paft.Te59€ft, li/. e. twenty mrfutn 
from the firft imn>erfion, I turned it agaia 
%o itS;fe3<:l|, and ob&rying the he^rt without 
moti<3f|, ii opened th^ft/^^/^WiW/// r: whi^ 
pro(]iricinigr no $fF^<9t> -rlicut fbe4ieaft opt of 
thebcrfvi ian4 laid tit on a platp, when it 
g^vetvsrp.or thr9e-pul%«, aii4' nfvet: after 
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-iLNe:ta(rtJ<»cwWi^fjrQSuc!ed iriany of tha 
ptUfei^/jmfeafi^es q£ this, frog, ^b^akri^^ing 
thctoi'.hq ! ^f'oito/T! ^^.-^ . :.7 ^; ^r;;\i. ' 
c I2lil c»it<c)dE.a'Jcc%;Sihead and^rdeflroyed 
the fpinai-qianrow wfitfaa Jioti Wire, then laid 
^^^XL^ri^Ttborax^wsALvah&^m^ and^;T£merfed 
k in^-a^tbhitidn' of^'iopium 2k mne\.^i\ iMn\xti% 
paftis^e^fiiL Eighlinmimiiaes: Eiefoce^^tWelve^ 

Qb£CT^d[d:di&^.h(eait3l3iat^ fiowiyriiibiii 

onf^iof^thsfffehuidh o£7;0^kam,:lk:h^d:)n 

«idr>brib»dr.therhe«*cJt\yo gr:«hi«^ littiei 
wifh itherlipAibt :o£ at^^Zi^i .?whichialway4 
l^foAiwd 0^ few pulfatioirfj . 1 theftT * ptot * th§ 
frog' irt thq folutioii for >five ininates^ ibdrej 
andvirpota tailing, it tiSW^foU^ its' heart <Juit© , 
dead. -^ '-:?:• • -• ,^oniv'.M'i .:••.'::::; r ■ -t 
• ' I ^•. ^Al^r^k ^ d&tlirtgi^ff a ff ftgJs' head> and 
dleftroyiflg its fpinal matrbw,- I kifi op§tf i« 
whole 4^^<?i*^;?; knd iAimeVfed rt in^a'folutidri 
e(6pi«M, tw^fity th#e#imifiutk •bel^k>-o"nfi 
After ft had Wm^Jixtehi minutes, f^c^t- n^ it$ 
thrfioc ixid^ pericardium '^ and pbferving the 

hcarl 
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\miif b^gipgs.ji^jft ^pgftlviy-iw* pretty 
iboiigly, ^i^iw^itfle.tlfenBMaiteurl immerfe^ 

)tj»yi|h. tbe-pejfitfpl a }^v^p^k, Upo?^, ^J^eh it 
began to bp^j[^,ti^,m^<>f.MoiVm^m »b^ 
minute, and ..fi©fiWaj*?4.iJsLjnp.tioi»^ y»y 
laftg^idly^ 96.^ nflfes^^i^ftj^ %»* w«?Fruj»ion, 
for:iabowt aq9aj|eipSfia:hp«J6. i;.:.:i axh 3uo 
, ,,I4j ,1 .cutoitfij^l^J^^airtiof ^^.feogj.jiMi^pirt 

itrip /flynmiPriWfjiSe^at^ jijiBflt^ipftflas^ 
iyilSI«djiaj^^,;ji^:^i@fl^j{(tgtnj;r;ifrl»fi«t #nul 
»^;3«i«»e§IP ibg mkirtf-jJ) ^igteeg? em«PtaP 

fiotfft^. ^€!s-5^srftteejar|4 Jsy. .it logi a , tabkw^d 
pbif^sT-ve^y .tjlftt ««?joft0ii,,as ji^ xyae :gei|tfy 
tQusbed: ;w.Ul>^ 4iy:thing, it oiade oncftiU 
^n4 ft^on^ iePStrfrftipq, ...iaifc} .. qo m<^e: 
JapV^ever, ' in.-fotjji; or^ %& jjiyvit^s,. it 'bcr 
gajti to bfitit:.jo£ ml fiw^ ; WSQif^, . aridi at 
twenty eigfeti npanwtc&i.aftfi^', tgi), p©rforipe4 
jp-jj^lfatbns! iii ^jnuautq,' /Thirty five roi-t 
minutes paft :tdn, Jl beat i^jtitnes: in aipftU 

m^^'\ ■ ..-". . . ; -• . . '.u 

15. Twenty 

Digitized by VjOOQ IC 



»94 ESSAYS A^b O^SEkVAtlONS 

Tj^. TwEi^TY three minutes fH<ft tw^^ 
I cut out the heart of another fr6g^ - and put 
it ::in' fountain*^ water. After twehe mimaa 
iinmerfio'n, Itook it out of the water, when 
itbeat -above ad times in a minute, Havirig 
^t it in the water for five hiitftitef more> 
It cea&d froQi motion, and when taken oiit, 
^id ftot move'ekcept when pricked, and then 
ipnly perforlnfcd^<ine pulfeti^H. 
'.'"•Qf^ii 'El GHt minutes paft eleven, I cut 
out the heart -of i' third fr^d^^ and put it into 
founfcaift- water. Eleven minutes a^er im- 
aierfidh {its heart beat StSmeS iur the mU 
SMtiy and fbuF minutes aftiefihb it vibfttal 
i[t times in thirty fecohdifV^ but the- m6tii6fi 
Wksvconfinted to about' phe ihrfA ^art of thft 
^eart next tb'^-iirjfe^e^.^-- ^^efU f minutes'' tfttt 
ImineHion, it continued '^to^^mo^e ifiuch in 
the fame way; but ih tW* Iniriutes more, 
bbferving no motion in iti I t^k it oiit bf 
the -water, and laid it on a table, where it 
remained al feftj linlefs when touched. Soon 
after this, however, it began to move 5 an4 
at twenty fiv^6* minutes aftttr^ immerfidli; it 
made 9 pulfes in fixty' three feconds. Potif 
minutes after this, it mbvtfd only thrice in 
ijfty feconds, and then ceafqd altogether.! 
' ' • upl?f§ 
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»plcfs that^ when pricked with the point of 
a knife, it gave one very faint pulfation. At 
forty feven^minutps paft eleven^ it was quite 
dead,, . - , : - •• > • .. . , ..^ : ., 

17.^ I cut dut the heart of a fourth frog, 
and at thirty minutes pafl ten inimerfed it in 
a turbid folution of opium in water of the 
fame degree of heat with the fQuntaih-watcjr 
nfed in the three laft experio^ents *. After 
this heart h^ad ..been immerfed ten jriinuteSj 
1 took it out of the folution, and laid it on ^a 
table, .but it njade hot the fmallefl motion j 
and when pricked with f he point of a knife, 
):ho* it quickly recovered .it§ ftiape, yat it was 
cot excited iijto a proper: cpiitra<^ion, as the 
licart of N*" lA, r I continued to obf^rve thi« 
heart frpm time to- time for more than half 
an hour, but it never made the leaft motion^ 

18/ I. cut out the heart of a fifth frog, and 
jiut it into a folutipn of opium ip water 
five minutes before eight. After /even mi^ 
/^«/^i. immprfion, i took it.qut, and laid i^ 
on a plate, where it remained at reft. . When 
pricked with a knife,; it did not performs 
full pulfation like N** 14. but^ feemed fp fee^ 

* FtK* Nearly fixty. deercM of F4trfnbiit\ thermom^tf r^^ 
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a little, by a very fafnt kind lof *{n6tt6n which 
was excited in (bmfe of its fibres. ' ' '' ' '"^ 
• ' 1^. "'Al- thirteen mhBtfe's* bfefotd'fWel ve, "1 
cut out the heart of a fixth frog, and immer- 
ied'irin a folutidn of opium* Six minutes 
kfter immerlion,' it had no motion.^ but 
when^p'rickcd,^ 'made, one pulfatloh. After 
lying five minutes niore in the folution,. it 

Was quite dead. *^"^ * 

20. .I'cut out the heart of a feventh frog, 
iatud af thirty ftveh minutes paft nine* in the 
morning, immerfed it in* a folution of hpium^ 
as above. ' Forty two minutes after fline, 
when I tofak it but^^bf the Tol'iition, It was 
without nibtion : but when touched witji 
^he point of a knrfe or probe, it performed 
one contradion, but with lefs Vigour and 
liiore flowly than the heart of N^'14. 
Forty feven minutes paft nine, it Kegan to 
beat of its own accord. Two', minutes after 
this, it moved' 6 'times in the minute, but 
Tiiuch more feefcly than N*" I4I; ' Six minutes 
•before ten, it beat only '4 times in a minute : 
after this, it began to beat njuch fafter'V but 
Its motions foon"^ returrield^ to their 'former 
ilownefs. At ten, after having lain near a 
minute without motion/^ it began again, of 

its 
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, its own accord, to beat at the fate of 
17 times in the minute,- and continued for 
eight or ten minutes after this to beat very 
feebly, arid in an irregular manner as to 
time. 

21. Mr. Robert Ramfay Student of medicine 
in this place, having diflblved two fcruples 
of opium in an ounce of water and a dram of 
liquid laudanum^' injeded it blood- warm into 
the inteftimm reSlum of a very fmall dog neaif 
fix months old. In lefe than a^minute after 
the injeftion was tnade, the dog ' could not 
ftand on his hinder legs -; and in 3 or 4 mi- ^ , 
nutes he had loft the ufe of them fo much^ 
that when they were ftrongly pinched, h^ 
neither rtloved thcm^ nor feemed in the leaft 
degreeTenfibleofpain. He could, however^ 
ftill fcramble about with his fore-legs ; and 
when they or his -ears were pinched, he 
howled remarkably, and feemed to feel con- 
fiderable pain. Ten minutes after the injc- 
dlion, he lay as if he had been quite ftupid ; 
only when a noife was made by beating on 
the ground, he opened his qres a little and 
howled, but prcfently after fell into a pro- 
found fleep. In a few minutes after this, 
he began to be convulfedj upon which Mr. 
VoL.II. Pp Ramfay 
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Ramfay^ inje<fted a ftrong. folution of fca fait 
in water into his guts, which purged him fe- 
irerelyi and occafioned a prolapfus ant ; foon 
after this, he awaked from his deep, and 
gradually recovered the ufe of his hinder legs-; 
fo that in lefs thanf an hour he could run a- 
bout the room, tho* he often fell down^ 
his legs bending under him. After three 
or four hours, he feemed to be quite well 
in every refpe€t ; but altho' the experiment 
was made at mid-day', he could tafle no meat 
till late at night. When he was in the molt 
ftupid ftate, he could make ufe of his fore- 
]eg$i and complained when his ears were 
pinched r 

22. The fame young Gentleman, at my. 
defire, made the following experiment. 
On the 9th of ^r/71755, after makiiig an 
opening into the cavity of the abdomen of the 
dog on whom the laft eif periment was made, 
he injedled by the wound a dram of opium 
difTolved in two ounces and a half of water ; 
but before he could ftitch up the wound, 
about an ounce of the folution efcaped. The 
dog loft the power of his hinder limbs al- 
jnoft inftantaneoufly. Two minutes after the 
injedion was made^; he began to beconvul- 

fed 
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^d ; and, in two minutes more, after ha- 
ving raifed himfelf upon his fore-legs, he feH 
down fenfelefs. At this time Mr, Ramfay laid 
bare the thorax y by drffcdting off the tegu- 
ments, which did not feem to give the dog 
any pain, and could plainly feel the motion 
of his heart thro* the pleura : it beat 76 times 
in a minute, but became gradually flower *. 
Immediately after counting the pulfe, Mr. 
Ramfay cut the ribs on each fide of ihejier^ 
num^ which he laid back in the ufud way. 
The heart, which was thus brought in view, 
appeared quite turgid^ and continued in mo- 
tion about five minutes ; during which tim^ 
it performed only between 60 and 65 weak 
vibrations, for they -were not compleat con- 
tractions. While the heart was thus moving, 
vrzrmjalha was firft applied to it, then cold 
water, and laft of all oil of vitriol ; which 
flirivclled the parts it touched, almoft in the 
fame manner as a hot iron would have done 5 
but none of them accelerated the heart's vi- 
brations, which became gradually flower, till 
they ccafed altogether. 

The 

♦ The dog's hcant in a natural ftatc, and before the in- 
jt€don of the folution of opiums beat 150 in the minute. 
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The fibres of fome of the intercoftal tnufclci^ 
on the right fide of the Jlernum continued to be, 
agitated with a weak tremulous motion near 
half an hour after the injedion was made 
into the abdomen j but the intercoftal muf- 
cles attached to the ribs on the fides of- the 
thorax were not obferved to hmvc, npr 
did the diaphragm make any motion when 
its fibres w^re pf icked 9r (;ut. 

Nothing remarkable was fecri in the ab^ 
dpmeni oply, althp' it was ppened ten mi-: 
nutes^ after making the. ioj^ftion, the inte- 
ilines^ had no niotipn ; whereas, in another 
young dog^ which had^got no t?//«w, Mr. 
Ramfay, observed- the per iftaltic motion conti- 
liue half an hour after laying open the thorax. 

The dog loft little or, no blood in making 
the wound into his abdomen^ jipr were any 
pf his bpwcls hurt by it. _ . 

23., A fmall dog into whofe ftomach the 
late celebrated Dr. Mead had forced, at four 
different times, a folption of two drams of (?- 
fium in water, lived above an hour and three 
quarters after getting the |irft dofe. Vid. 
treatif^ on poifons, Eflay IV. 

24. It may not be improper to add here 
^ti 9xperim?nt related by Dr. Jlfton in his 
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I^rned differtajtion ^ on opium *. ^ < Into 4hB 
prural vein of an^old dog fprty two pounds 
Wi^ight, hecaufedbe injedqd at three different 
tinges, half ap ounce ^ of opium. d\^p\v^A in 
four Qunces of. water, .filtrated, , and of-the^ 
fame warnith, with the blood of .the apimaU, 
The firft time, about fifteen drams were, 
thrown in, and very flowly. It had no obfer-^. 
yable effeft. Abovit an hour after, eight drams 
nptore were injiefted flowly, and immediately 
the dog was fcized with flrong cpnvulfipns ; 
the pulfe was frequent and fmall, and after 
fomc time he foame^d at the mouth, ^ut 
there appearing no figns of i^pfE^ediate dcatjy. 
after waiting an hour mioxe, .the l^fl^ nii)€- 
drams were thrown in quickly 5 upon^jvihich- 
the pulfe became; full and flow, and in.^ ijii-* 
nute or fp, the, dpg expired. ■ -■ ■ ^ v 

From the i preceedjng ejjperiments, wc' 
may, I think, fairly draw the followiog con-f 
clufions. . . : ^ 

(a) Opium applied to the ftomach, guts, 

cavity of the abdomen and thorax and abdch 

[ min^l mufcles, foon lefTens, and after fome 

titae intirely deftroys all feeling and power 

? |;dijibargh M^i Effays, vol v. p. i. art, xq. 
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.of motion, not only in the parts to which 
it is applied, but thro' the whole body. 
N* I, 2, 3, 8, II & 22. 

(b) Opium produces thefe effefts much 
more quickly in animab which are foon killed 
by want of food and air, than in thofe which 
rah live long without them, and the parts of 
^hofe bodies preferve a power of motion 
and appearances of life for a confiderable 
time after they are feparated from each' 
other. N^ I, 3, Gfr. compared with N*'2i, 
22 & 23. 

(c) Since a foiution of opium injeded into 
the ftomach and guts deftroys the fenfibility 
and moving power of frogs, fully as foon 
when they are deprived of their heart, as when * 
this organ remains untouched; it follows, 
that opium applied to thefe parts, ^ does not 
produce its efFe6ls by entering the blood, and 
bcihg, by its means, conveyed to the brain, 
as fome have imagined, but by its imme- 
diate aftion on the organs and parts which * 
it touches. N^ i. compared with N? 2. 
See alfo Edinburgh A^dical EJfaySy edit. 3. 
vol. 5. part I. page 140. 

(d) Since, after decollation and the de-, 
ftwftion qf the fpinal marrow, opium ope- 

rates 

* Digitized by VjOOQIC 
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ir^tes much more floWly in dcftroying the 
heart's motion in frogs, than it does when 
the animals are intire (N*" 6. compared with 
N"*/,) ; it follows^ that it muft produce its 
efFeds chiefly, if not wholly, by its adion on 
the brain, fpinal marrow, and nervous fyftem. 
The heart of the frog N^y. whofe brain 
and fpinal marrow had been deftroyed, beat 
27 times in a minute, after the animal had 
lam thirty fix minutes in a folution of opium 5 
which was only three pulfations lefs than the 
heart of the frog N^ 5. performed thirty five 
minutes after the dei^trudion of its brain and 
ipinal marroWy altho' it was not expofed to 
the adion of opium. . . 

• (e) When opium injeded into the veins, 
and thus mixed with the blood, leflens or 
deftroys the fenfibility and moving power of 
aaimals much ,in ,the fame way as when it 
is applied to their fiomaeh, guts, or cavity 
of the uhdomen (N** 24) ; is it not probable, 
that it produces thefe efFeds by its adion on , 
the extremities of the nerves which termi- 
nate upon the internal furface of the heart 
and whole vafcular fyftem ; and perhaps, 
alfo, by affeding immediately the medulla 
cerebri itfelf ? And when a folution|of ^/a»* 

applieci 
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applied to the bare abldommal mufcles of si 
frog deprived of its brain and fpinal marrow,* 
does, after a long time, confiderably imparf 
the hearths motion -, is it not reafonable to 
think, that this is owing to the finer parts 
of the opium being abforbed by the bibulous 
veins and carried to the heart, and thus 
brought into contaft with the nerVes of this 
organ ? N° 7. compared with N^ 9. 
' (^/} Since opiunjy without entering the 
blood or being carried to the fcveral parts of 
the body, deftroys the power of feeling irt 
animals merely by afting on the nerves ta 
which it is applied (r) (djj it follows, that 
the nerves are the inftrurtients of fenfa- 
tion, or, at leaft, neceffaryto it. Nor is it 
fufficient to deftroy this coticlufion, that 
there have been inftances of animals endow- 
ed with feeling whofc brains were fo greatly 
difeafed, as to feem incapable of performing 
their fundtions. It is far from being fafe to 
build theories in phyfic upon a^fewmon- 
ftrous appearances in nature, 

(g) It appears from N^ 4. and 5. com- 
pared with N*^ 3, 6, 8, 10 and 11. that de- 
collation arid the dcftruftion of the fpinal 
marrow does not weaken' or deftroy the 

heart's 
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iieart's motion in fcbgs, hear fo ibon aa (?^tfin 
injedled .into their fton>ach and guts,.ar apj* 
plied to the mnfdes and boweis of the lower 
belly and /A^r/wr, -. ' . .. 

(bj Altho' a foliitioii of ispium appVwd 
to the opened thorax and ^hdomen of a frog^ 
after decollation and the deftrudlion of its 
fpinal marrow, foon Weakens or deftroye the 
motion of the heart 5 yet it does not pro- 
duce thefe eflfefts fo fpecdily a^ when the 
brain and fpinal tnanrow are intire, N^ 11* 
and 12, In the former cafe, the opium can 
only affedt the heart by its topical influence 5 
in the latter, itnottmly afts this way^ but 
alfo exerts its powers upon the brain, fpi- 
nal marrow, and whole nervous fyftem ; 
and therefore muft produce more Sudden 
efFe<3:s, 

[i) It appears, beyond doubt, from th« 
preceeding experiments, that the heart is not 
exempted from the power of opiumy as the 
learned Dr. Halkr hzs affirmed *, but has 
its motion deftroyed by it, as well as the o- 
ther mufcles, only notfofoon. Sec N^ 4. 
and 5. compared with N^"3. 6/8. & to. 
Vqjl. JI. Q^q and 



• Aft. Gottiiig. tol. ii. p. 147 & 154. 
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and N*^. 14, 15. & 16* compared witii 
N^ 17. 18.: I9- & 20. ' 

'Tis true, that the fibres of the interco- 
ftals on the right fide of xhtjiernum of the 
dog N^ 22. continued tb be agitated with a 
jtreoiuldus motion confiderably longer than 
the heart, and whet> the intcrcoftal mufcles 
attached to the ribs were quite dead. But 
did not this happen becaufe, after feparating 
the y?^/7r///« from the ribs, and thus [cutting 
off ail coiptimunication between it and the 
fpinal marrow, the mufcles attached to it, 
could be no more afFeded by the opiumry 
which had been injeaed into the cavity of 
the abdomen y while the heart and other muf- 
cles whofe communication, by means of the 
nerves,., with the brain and fpinal marrow, 
was intire> continued to be expofed to* its 
aftion? 

(k) As Dr. Langrijh has obferved, that 
the diftilled water of laurel-leaves injeded in- 
to the cavity of the abdomen^ kills dogs fooner 
than when it is taken into the ftomach * ; 
foN**2i.and 23. compared with N**. 2a; 
fhew that opium injected into the ftomach and 

great 

* Phyiical experiments on brotcsi p. 64. 
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•gi:e|it/gutsfpf dogs, does^jR^ot produce either 
fuch fpeedy or powerfuleffedts,; a's^wlieijij 
throjyji into the cavify of,t;he^Jb;«^«^-. iAndx 
N"" 6,,,cotiipared with N^.ao. (hew§, .tfeat.i 
ib\\^txoa.of opium applipd^.ta the .ab4?hi;xii»dl 
inufcles, does not kill frogs fo foon as.whea 
^11 the fvjfc€^ra fi( i\)fi IpW.er belly axe^expojCecl 
to its aftipn* . , . j 

(IJ A^kTHp' it ;fe£m^ probable, Jrom N^2ft*: 
compared- with N° 24.th3.tra folution of 0^: 
fiumi^c&iei into the veins of-dogs does no^ 
kill them fo foon as when thrpwii into the 
cavity of the aifdomen ^y^t this cannot be ccr-^ 
tginly concluded, fir^ce the dog of ..N® 24.. 
was niuch plder ai>4 aj^pvp ten tifije^^ J^eayierj 
jthan theothen ... .. 

(m) It appears, t^b a folution of opi^im 
injected into the great guts of a dog,, affedts- 
the inferior part of th^ Ipinal marrgw rouch: 
more renqiarkably th^n its fuperior part, or; 
the brain j fince the dbg§.of N*" 21. and 22, 
not only loft the power of motion fgoner in. 
t^eir hinder legs than in their fore ones, but 
alfo were infenfible of any pain in tljjex^^.^ncl: 
yet howl'd ftrongly when their .ears were- 
pinched, 

(«)A 
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Civityof the ibdomtn ot great guts of dogs, 
ddes not deftroy tRe feeling and power of 
jkioitkMi <5f their hinder limbs, by finding 
any effluvia to their miifcles 5 othcrways it 
could n6t produce thcfe cfFefts (a inftantane- 
dufly, (N* 2 1. & 22.) Bcfidcs, fincc dp/um 
thrown into the flomach and guts of a frogr 
after being deprived of its heart, deftroy§ 
the ftnfibility and moving power 6f its muf- 
cles equally foon, as if the animal had been 
intire (N* 2-) ; ^s plain, that thefe cf- 
fcdls cannot he owing to the finer parts of 
the op'um being received ifito the bipod, and 
by its means carried to the feveral mufcles 
^nd organs. 

(0) Nor does a folution of opium injedled. 
into the great guts or cavity of the abdomen 
5n dogs produce its^ efFeds by tranfmitting 
through the nerye$ dpy fubtile effiuvia to the 
fpinal marrow; otherways its operation could 
' not hav^ bepp fp inilantaneous (N** 21. 
^ 22,) s nor could the fpinal marrow and 
its nerves have recovered their funcStions fo. 
fooni after the opium was evacuated by ^ 
|)urgativc clyftcr, N^ 21. 
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(p) It remsiifit,' th«r«foi?e, liisit (fpmtdibf 

pa^ts to whiit^ it is appUtd, dd«fi, by fneMi9 
of their coiixiezvon. rand fymp^hy ^tb dM 
bi^aitiand fpinal marrow, deftrc^ or prevontr 
through the «?hble nervous fyftetn, the d- 
per&tion pf that />i«tttr tipt>n c ivtrhicb depends 
^nfadon and ^tiotidti iti ^e~bddtts of afli- 
mals.' . • ^ ••■ • 

^^^ SwtiEi ipitm ^lied td^^hfiiabdotn^ 
nal fiitrfcles df a frog, deprited of iw hmti 
aod fpinal marrow, docs not deftroy the'fiio-' 
tlOn of the hciai't (b-foon, a^ when it is ap- 
plied td tho ^Mbminal mttfcles of a frog 
^hdfe br^< ahd fpinal -marnavr are intirCj 
(N'd. and 7s), it folk>w9j -itiat the brain aod 
fpinal marrow, aftd oonfcquently the nerves* 
derived itom theifi, haVe a greater influence' 
than any other part of the animil fyftem,' 
upon the motion of the heart 

(r) Opium does not .only deftroy th'e 
paoving power of the mufcles of animals by 
intercepting the influence of the brain and ^ 
flpinal marrow, bjit alfo by unfitting the 
mufcular fibres themfelves, or the nervous 
power lodged in them for performing its of- 
^cc : otherwayi a folution of opiunty when 
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, 9fp\kd to tlie ab^QKiixutl inufclps otl'uijt^ra 
«f a frog, weuid not put a flop, to the. heatpt't 
»OUofl fooMp^b oX iodeed fo foop, as dccol- 
kdonand the deiti^udtipn of; its fpinal mitz 
i;cw, t(N^ :4v, j&;. 5. , compared with N^ 8, 
& 10.)- 1 Ofiwnth^r^fQr^:'ddc9 not produce 
it's :effe<asi,: J(jfe^, ^ by* putting ^ a flop to^ the; 
fiinf^ioa ;of the feraiu i^iid:^ fpihal; marirowi^: 
but its influence reaches to the fibres of thft 
Hiufeles thdmtelv^s, or to; the- extrfemi^cs 
qf^hf ncrvQUR ftteRients whifihiternainatQ m 
th«Hl. : , . ;,.:, -, ; , ■ : /.CT.'-^ '• ' :^ 

^ WjiEN I %^ thg-^influfp^j? 9f:iofiium reaches, 
to 4^0; nervQijskfib^catSjwhw^ lerpiinate jft, 
tile TOufcular cft^f??, :it ;i9 t^- mmtyS th^t 
ag^y effiuvia or jftibtile p^rts: pf . the ^^1^/?^ ^p 
t;raiifmittcd :$o - them (.Se^r-w ^-5^ e? abpveX. 
Ijjit that it deftf py^ . their , ppv^ers, by meaRS 
of that fymp^thy \yhich Jthjejjr have, through 
the brain or fpinal marrow, with the nerve^ 
to which the Qpium is imipediately s^p-; 
plied. 

(J) From the above experiments we may; 

\infer, that not only the power of voluntary 
ipotion in the mufclcs, bpt alfo their irrita^ 
bility or power of mption, when ftimulated, 
proceeds from jhe nerves, or is at lead itp-: 

mediately 

I 
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i^itdJately depfenikirt: oa tbcir influence; 
fince (?^/«fwrwhich produces its cffedis^ folelf^ 
by afFccfting the nervous fyftem (m; n dc 
o)y deftrdys thofe powers fo fuddenly. 
I know it has been lately argued by a'cele^ 
brated authfor, that the irritability of the 
mufcles muft be independent. of i the nerves^ 
feecaufe the mufcles of animals prefer ve a 
f)ower of moving when irritated, for fome 
time aftefr the communicaticAi'brt ween them 
arid the brain, by meatis of the nerves, is^ cut 
ofF*« But fine© a folirtiort of ^/;«;^ applied 
to the abdominal mufcles of .frogs, merefy 
by itsaftioix on the nerves;- puts /a ftop to 
l^e irritability or moving power of the heart, 
much fooner than the deftf aftion of the br^n 
^md fpinal marrow^ (g) i is It not reafonable 
to conclude, that the tremulous motbns of 
irritated mufcles after their nerves arc tied^ 
proceed from the integrity of the nervous * 
^laments below the ligature, and the ,nec^ 
Yous power ftill remaining in them or in the 
mufcular fibres themfelvcs ? 

The tying or cutting of a nerve, onfy 
prevents the derivation of any new infiuenct 

- -from 

• Ada Getting, vol. ii. p. 134^ &c. ^ . , * 
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from the bndlfiy to die psufta to vhuih it bc^^ 
longs } but does not isnmediately deftr<^ the 
power or influence rcowiningin the nerve it- 
ielf. 0//tfi» applied in fufiicient quantity »> 
^e Tenfible parts of animals, not only quick- 
ly puts a flop Co the fundion of the brain 
and fpinal marrow, and thu$ produces in the 
mufcles all the effeds of a ligature on their 
nerves, but alfo deftroy^ the/to«w of ^very 
nervoua filament in the body (r)y and there^^ 
fore puts a ftop to the motion of the heart 
in frogs £boner. than the defi;ru(^ion of the 
{irain and fpinal marrow* 

(t) The aimoft inftantaneous palfy brought 
on the hinder legs of a dog, by inje<3ing a fb- 
iution of apwm into the cavity of its abdomen 
-(N^ aa^i «nd the effeifts of the fame folutioo 
injedcd into the ftomach and gpts of a frog 
deprived of its heart (N*^ 2.), where no part 
of the opium could be conveyed to the muf*- 
des, nor be coiiceived to alter the nature 
of their gluten ; (hew, that the irritalnlity 
of the mufcles has not its feat in this glue, as 
fome have lately imagined^. But if the 
motions of irritated mu£cies, be owing to a 
difagreeable fenfation excited in them or 

their 

* Afi. Gottbg. vol. ii. p. 152. 
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their i^rvesi as wo' hare el&where endea- 
voured to (hew ^y . 'tis eafy to fe^ithat ^opium 
rauft, )by deftroy ii^. the fmfibiMty of th^ 
mufcleS), of confequcofie alfo deftcoy thok 
irritability. r 

(uj Is animaU yvhich have got a largft 
dofe xifodfiumi the veihs» efpeciaUy thofe of 
the ini&mbraQ£s of .the: hraiii> ate ohferved 
tp be much fwelled j whence it has heea 
thought, that opium producer its efieds ia 
the bo^es of anim^lS) partly, at kaft^ fay 
rarefying the blood and comprcfiing the 
brain : but this diftehifion of the sdns ieeois 
to bemamore thaiix con&quenceoTtHe ve^ 
ry flow motion of \ tl^ blood through . the 
heart, ' on account of the ihfenfibility with 
which: this organ ia affe£l%d ^f*. 

(v) Since opium (oon puts a ftop to the 

vital motbns of animals, which yet continue 

Vol. II. R r in 



* ElTay on the vital and other invdmitary notions of a- 
tmsls, k€t*vL and Phyfol<^cal Eflays, p. iS8, dsa 

-}■' In frogs, into whofe iloknacb and guts I had injedtcd 
a folution of opium, 1 not only foond the heart's aaricle, 
but alfo the great veins leading to it» much diftended with 
blood. Vid. ££ay on vital motions. Sec. p. 371. and 
372- 
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in time of 'fleep with little or no diminution 
of .'their Vigour ; fi nee. ' it often ta£A paia 
without bringing on ileep, and (ince, by its 
topical adbn ^n the hc^rt, it deftroys the 
motion of this organ after all commuhicaticm 
between it and the origin of the nerycs is 
cut off ^ ;jt Follpws,' that the e£Ec&^oT vfdum 
tr^ not owing, as^fbrne^hayetbonght,. to its 
producing fleep: - on thVcoBttarjr, theficep 
which itoecaiions».ieeni8 to be only. a coorr 
%quence of,it$ itnp^rif)g the fenfibiiity of the 
whol,^ nervous fyftfem; ::c..i.l v:l: 
c TflE. other effe(£h.<xf .^/wi^may be alfo dc^ 
duced from the fkmo czxtky: particularly its 
seftraining.all eyaciiatibtislkhat are .owing to 
$n wnufual irritation of the parts ofi th,c bo^ 
dy, and at the fame .time ptromotihg 'thof(> 
natural fecrletions which have been diminifli- 
ed or llppj by fpafinodiciftoidlures of the vef- ' 
fels, from fome unoDn3dinon7?/;wtt/«j.affeaiiig 
them. 

. (wj Lastly^ does not opium kill animals 
by rendering their feveral ctfgans wholly ii^ 
ffenfible of the Jiifnuli, which are deftined 
by nature to excite them into aftion ^ whence 

not 

• Vid. N^ iz.il^ 17. i8. 19* &20. aboTC*- 

i 
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thbt ontj aftop isipiifr Co the^^riiftattic^O'*. 
ti(s>n^of die-guts, 4nii to <he p^Dpuifion^o£» 
tW cti^te*, : tut^tte^^fiuids siUbi fogite t(y 
ftagnate firft in the fmaller and afterwards 
in the larger veffels ^f- 5 while the heart bc- 
coihfrig gradually lefs fenfible of the Jitmu^ 

Jus 

' ♦ la a fiprtJ <iog,: which Dr. K^u Boerbaa^.^p&Aei,, 
^er having giyen him three; grains ol op^^m^ hie.pbfer-^ 
ve(l ic^LXQt j^y periftalticr m^ion in .(be guts ; th^ ftoi-; 
mach was much diftended ; th^e pykims was (hut| and the» 
bread and milk^ which the dog had taken with the opium 
about ten hours before, was indigefted. There was no- 
^ thing like chyle in the duodenum^ nor any ladeal vei&ls 
to be feen in the mefentery. The bladder of urine and . 
great gi^ts were much filled, nor had the animal eva* 
cuated either urine ox faces from the time he fwallowed 
the opium. Impetum faciens Hippocrati di&um, p. 402. & 403. 
The learned Dr. HalUr h^s alfo obferved, that opium 
puts a flop to the pjcriilalcic motion of the guts in frog$ 
and other animals, A61. Gotting. vol. ii. p. 154. 

f This my worthy Collegue Dr. Alfton obferved witji a 
microfcope in frogs into whofe ftomach he had conveyed 
a, few drops of a folution of opium in water. Vid. Me- 
dical Effays, vol. v. part i. art. xii. And indeed the 
great diftenfion of the heart and its auricle in frogs kill- 
ed with opium (N*' 5. compared withN^ 3. 6. & 10, above) 
indicates a more than ordinary refiftance to the Blood's 
motion in the arteries, as well ^s a lefs degree of irrita- 
bility in the heart. Further, is not the flow, full pulfc, 
and dry parched mputh in thpfe who have got an over* 

dofe 
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&5 of the blood with which it is dreaded, 
contrads more feebly and at greater intervals^ 
till at laft it ceafes frommptiQn altogether? 

Art. 



dpfe of 9piumt omng, partly to the flower modoo of tb^ 
flaids in[the fmall arteries^and fecretory yefl^ of die glands I 
Tho* it mad be confefled, that (he diynefs of the moatk 
3nay be in fome meafdre owing to the perfpiradpn bdsg 
grj^ady increafed by fhe iS^iflii. 
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Art- xja. 

^kigby in a Letter to JDr. JopN Rutheb- 
FoaRDy Pr^Jident of, tb& Royal College if 
PbyfieiarUy and Prpfejor of Medium in the 

• Uniwr/ky. of BAmbixrgli 5 by James Mac- 
K£NziE> M^ D. k^te Pbyfician at WQfr: 

■ .ceAer *.-....' 

SIR^ Feb. 10. 1755. 

ft np»HE aocount which i gave yoaof a. 
" JL complcat luxatiba of the thigh/ r?- 
f'duced zi th^) fForc^er Infirmary^ I now. 
^* fend in writing, agreeably to your rcqueft, 
" I (end yott alfo Dodtor fFalPs Letter VQuch- 
** ing this diflocation i and Mr, ^ Jefferyii 
^* narrative of the fame cafe. If you think 
?' any further proof neceffary, there are ilill 
^' two Phyficians and two Surgeons more, 
«« alive and well, who were prefent at the 
^' redudion, and will bear witnefs (if requir 
^' red) to the truth of this accident, as well 
^* as the two Gentlemen above named, and 
^*myfelf, who am, &c:\ 

WjLLIAA^ 
f Inarch 6. 1755. 
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WILLIAM JpNE^, a tall, robuft, heal- 
thy Butcher; fifty fix years old, was 
carried to the Worcejier Infirmary on tiic 
feventeenth oi^AuguJi 1747, lame, and in 
gfieVQUs pain. His. account of himfelf was> 
That he happened u^^fprtunately, fomc hours 
before, to rid.e .an unruly horfe, which fan 
away with him,; and that, making an ef- 
fort to check him, juft as he was .galloping 
over a ftone bridge, the animal reared himfelf 
upon his hinder feet ; and immedbtely fell 
backward on his rider. The:niari was ftun-- 
ned with <be fall ; but the fa6dc.quickly;.re-i*' 
coveted himfelf, and v^ent aff ; foil' (peed,- 
dragging i poor Jonhziitt \x\tdy .by.hiis. leg^ 
wSiich . was engaged in the ftirrup. The^ 
horfe was.foon providentially flopped, arid- 
the man fet at liberty, but linable to moye- 
his thigh, which :hp believed waQl;)rdken. ^ 
I -The Sijrgcon>in waiting, (for Tour Phyfi-- 
cians ^nd three Surgeons gave their atten- 
dance in rotation^ namely, Do&oxs At f'woody' 
Machm^icy Cameron^ , and Walhy and MeC. 
Inwards, Rujfd^ aiid Jefferys) having tho- 
roughly examined the fituation a^d figure off 
: : : i \ :' the 
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the.paiits difiblcd. and in paihy. i:ame to one 
©f :the Phyiitiaris, and told him, that the? 
poor man's thigh was diflocatcd ; that the 
fe4»d:Qf the ; bone was. fir wcfc quite out of 
thfe acetabuium^ -and lay fairly r in the groin. 
The Phyfician having, .in his younger days; 
attended Boerbaave (who, furcLy; : undefftcod 
phyfic and furgcry as well as any man ever 
did), and knowii^g th^t, , from the prodigious 
ftf^ngth df:|:he li|amem§>::a9<iidcpth of the 
^ket in that arriculati.on, this-leal-ncd Profefn 
fpr \^as of qrplniftn, ' that, th^ ,|high-bone was 
never diflocated by external violence^ butfre^ 
^Pfij^y broken ne^r tjie hea^d : which was th^ 
true reafon why fuch accidents were feldomi 
or ijever, cured: the Phyfician, -I fay;, perfua- 
deji, that his( preceptor was in the right, 
obferved to the Surgeon, that there muft bft 
^ miftake fomewhere, and that there was no 
inftance on record, which could be depend- 
ed upon, of fuch a luxation as he deferibed ^ 
to which the Surgeon replied, " Sir, if you 
*' will not believe me, you will believe your 
" own eyes and fingers prefehtly." 

The novelty of the cafe brought all the 
Phyficians and Surgeons to the Infirmary. 
A Skeleton was fetched, and great care tat 

ken 
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iap ESSAYS ANi> OBSEHYATMiNS . 

ken, by a ftrid inqalry into clrcumftanceSf 
to fadsfy all prefent) that .the bone was not 
broken, but really and fairly dillocated. 
There is no reaibning againft fads: the 
toes and knee were turned outwards, the 
^ifabled limb was longer than the founds 
the hip-joint utti^ly inflejcibie, aiid the round 
large head of the bone ky obvious to the 
fight and touch in the groin. 

Th£ ne^t inquiry was, how this difloca^ 
tion {houki be reduced. All were called to 
confultation s not one of the Phyficians or 
Surgeons had ever fcen the cafe before. 
Some of the principal books of modern for- 
gery were looked into j but one and all de- 
scribed the redudion, and recommended 
extenfion in fuch a general, languid, hear- 
fay, manner, that it was plain they were as 
unpradtifed in the cafe, as the Gentlemen 
prefent : nor was *any better fuccefs to be 
expcdted from Galen\ * method of reducing 



* Vid. Gaf. ia libnim Hipp. de. artic. commentarior. ' 
lxb> 4. aph. 42. 

And indeed the antients feedi to have been acquainted 
with luxations of the hip-joint only in children, or diftcm- 
pered bodies; unlefs we ihall except PauJm ^gtmta^ 

whofe 
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a luxation of this joint by hangingittlyp: pai 
tient to d fVrong bsam^y^theheehrwitkihia 

head near the ground? ■ ' ^ 

. After. mature •delibera^n, it v«»^ag^ee<l; 
that,' m cafe the ufuab extenfion <$Sd%ofefuc> 
cccd, thovis percuJhmsfvAnchU vv^ll-krt6Wh 
to increafe thfi force' to" k'furprifing degree 
hy accelerating the ^ mmion) ttiould ' nextT)e 
tried. In order id both, 'therefore, \kre prbvi^ 
ded a large ftrong tabVe, of a proper length 
and height, which we Tiftened wfth'fctew's 
to the flobi", and coVered with fuch blankets 
and bolfters as we tinted j^' it piece bJ" ft rorig 
cloth alfo was laid Aipohthe biahketsV un- 
der the patient's back,' of length' ^uMcient, 
to tUTri up between His tfiighi, and pafs over 
his (boulders down to the fiobr, where both 
ends were' fecurely fixed, ' with a* view tp 
refift or counteract the^'neccflary'*exten0ori. 
We provided alfo two toWels of a'cprivc- 
nient length and thicknefs 5 \ one of which, 
at the middle, was tied with a tight', but 
tafy knot above the patient's »rikle, and the 
two ends twifted together, were given to three 
Vol. II. ^ S t ^ fcon^ 

wbp& various methods of extenfion, in this cafe, whether 
real or fuppofed, fome of the moderns have copied^ and 
fome have altered. 
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fopnglintcriJorKoldJ :rThe othdD towel war 
ki. the fame manher fattened abovt the knee; 
and the double end giv.en to three more ; 
Tfvhilifr ' thcv Surgeons flood . readyi, ; one with 
bifi'hqind. on the IwJllQf the diflocated bone 
to diroft it into' the Ticket, one at. ih^ knee> 
^nd another at tl^e/opt to turn them inwards*. 
. -When all things; were ready, the exten- 
fioi^ was begun, in ,tbc' commoa piethod^ 
J^y.tJje towel-njen^f ,but. tho* they exerted 
their utpqft Arength,^. thp head o£ therbone 
.^^asTiol moved iadie. leaft, and their efFor-t 
feryed only to uicreafe the poor man's toc- 
ture tp..ai:»iqtolQraF)k (degrees - .. .. .. 

. , FfN]^N<j thiiS'tJie .extension of no fignir 
^C^pc^i r gijci |he;patientf's cour^g^ reviving 
f%f /°|n<< ^^fe^^ijlhe. vis per^mfftanis wafe 
wa^ ca,rri;?d,iht^ execution! after tbe-foUbw- 
jng^.pjainocr. The towf l-men; yvere diredcd 
to flack^n ithieir. tpysie js to a -certain point, tb 
l^and wlth'their feet firm, their arms ftreight, 
'ahdtheir bodies bending a little forward j 
and>" iifton a certain fignal agreed on, were 
"ordpred to piill with' a \ vehement and . quick 
j[erk,jthr6wing th'emfelves back with all their 



t. 
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After every thing was in good order^ 
and the affiftants apprifed of the nature and 
necelTity of the / pggratio^nvw^ich they were 
a^bout to perform ; the fignal agreed on was 

inoi^nt^.frith a iljypng and Xuddm ; 

ifeec $U5g§Qas per/cyrmp^ their paf t$\^ de^^te- 
roully ; and inftantly there wafja^iqud cwfti 
heard, which made one of the Phyficians 
i;all c^Uj^, .,AUs ! rtha^le-.is hrgjccn--; -But 
^ ^l^t .v^y moQiqftt .the* pa|ic;«|, t.^vith a 

\i\f:,,:^^^(^r;j^ .it.jej?^fy,;V«*S5\,f^r^>S;5e'upnae- 
^iafe^ioivswl the^.Jitnbr^e^ofed.tft?^^^^ 

tiept was-^ut ^a bc6^ 5--,a^d, by %;propef diet 
and j^q? P.J rqcoyes^fj. tii§ . fpra>cr , health, and 
could >w.al}c perfectly .well in ittrr.9Cr weeks. 
One of the Phyficians often met him. after?. 
v?firds; pp Jfoot driying .?att^i .H^id ;a|Mrays 
aiked, ^^ow he did;? J T5) w.^iicj^ this^iconr 
ft^nt.gpfwe^r wjis, Very; well,' tbJ((0i^:God and 
the Gentlemen. ' Apd fee can nbWjiupon oc^ 
cafipn,\ walk twenty miles in a^dajr^-^withoai 
fatigue pp pain, th6^ the injuredttmH^iH re-^ 
fnains ne%r a quartjsr of an incbi(Difvgfir:«thaxi 
t^t other, 

. : ;. f! r'AilT 
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•'^' AT*.' 'XXII.' ■ •' • 

Some Oi^kt^tiim wibS-'HewMeiihid if cui* 
■ ring thiKsataraffv ty extraBi^'YbrOffiit^ 
' Untr Ifumiur 5 4y f«tiMAs YovHttdi^gim 

TO-rettbrfe bft 'fi|glili^-is ' rtcoverrftg 6fid 
bf -Ibe^mbftufeMbf ill the 'fehfeSi 
lind the dbuehihgof ^^liiP catafatft,. woiiW be 
ohc ©f-the-rttoft ^wiTui(bte op^rWaohS, <ouId 
}t alW&jHs be cfone wfthTaftty j bttt thxi-bad 
fucrtfsj ' and. difeadfol ' ttinfcquences wBith 
bfteh attehd it, have detfefrbd-ttiatty ^6od 
feurgeofw ifrdm- performitig this opiefftrtbn, 
«nd thr(S?WA it bach ihto tl^e hands b/em- 

pyrics. '• - 

I httvi tbuched bul few in the bid way, 
andtbofe Witl^ • fuph bad fupcefs, that <I was 
fully determined to bperate no tnore dn the 
eyes } nor.did the fuocel^ of the new method 
performed by the ingcfiioys M. DavieK Slter 
my refpKrtion for a cojifiderable time, till, 
ft theimpoi-tainity of fonae of my beft friends, 

^ March 4. 1756. 
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jTiccdfcntcd td::tigrth» m»roopfir*tiQii. :>rSii; 

KSi^^tif^anx: at : hja4»9c|;;» . to: iiipq^ct liis^head^ 
V^ .fe?ibp up:lMfe ejfe-Udi; fsini^jhw oWofl6pci 
raikm^ the 't^)a'tti)r trw^.flanA;:ar^^^ 

< .He ihould knprdown iUt amder.eye4i4 
ifilh' i!wo fingers p£itfa« ont fainid, whiie with 
tlteiiotber^ he\ak^.dio firiall;kfu&c2lY^£i<» 
MUci%. 3 i ) Jvidai trhich ht ^iei^s the «nMifi- 
pafei|C'^9r»^^^3the tot^riml .aogle Q£^:tba 
eye, near to where the cornea yMi% witkltibtt 
fiterotka^ taakha^ :great care cn6t^ ix) r wottod 
the iWj* Ruo the ktiife k a /horizontal df? 
f:e€tbti acrd6r-t&e lahtcnor xhanibefy and 
bring it out aboiit the fasoe diflanoe firboi 
the white of the ey»e, as whttre^ it entered ^ 
then cut that part of. the; wmm ^jwhich vltck 
boldw the two orifices, as'isnufch in the fbfrrt 
of xctefc«itaE:':poffiblei^ this makes the in^ 
cifion larger, and keeps tjie ■ cfcatrice more 
off the fight i^* difi up thcMflap of the jcut 
fbmea vnth tfae^coop B (Fig^^^:) ov any other 
g^iy^pnient inflrumentj introduce at the 

fame . 
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&me time a^comtnon cagxihbg^ needle 'Q 
f^'g^S'i)'tht^'h^&jp\Xi^\y to open the ctf^^ 
of nfee-cryftalHfte -/f^J, that th« latter '^y 
come the more ^cafily out. A fn^ll aper- 
furV geAeViiM)^fefves this puFpofe ; if the 
Sms^Asof a^jfy^tt; cdnfii^ncerUt often fticks 
tO'0aerpointr'6f ihfe needlfe; fo that wheh ih^ 
kiftrumentn&'witbdrawn the crj^alline dCm«S 
along with-k jHifit docs -ndti^a very gentl* 
prfefl^reMxpoai iKe 3eye 'fmxi it-out. Mho 
(Dperation m^y^be frequently performed witif 
thekVife:albtte,i-the capfuhlc^'^ih^:d^fQ^'^ 
line being ibiwetimes Jfo thin, th(at, after ilic 
vohtea \$ cut, ?:a: ihiall preffiire on the'-tyi 
idafcfes the /mj conie away. .-" • 

ii.Turs medioA:of operating. as njuch thoL 
&ine with thatpraftifed by M. Davielyvihkh 
youil .find at' large jn the Membirs-of the A-i 
cademy of ^ Surgery, vol. ii« /- 337- I have 
/olhowed the^ ciampJe of the famous Mr. 
Siarp, and ihunned ithe gtxtt; multiplicity of 
inftrumtents M;* Dan^iel makes ufe of, which 
renders thii.opcration more^fimple, lefs. tcdi^ 
ousi and lef$ xian^erous. ! \ 
. :, I (hall next: mention the f^cxefs of each 
pperatbn in ,tl|ie border they iVerfc performed* 

..V :* .:! I.ROKETR^P 
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v I. Robert. ;LAURJE,.aged about 30 years, 

, Ivas admitted," jnto thp Rx>yal Infirmary wi^ 

a cataraft in ^pth.eye$. ::.,j.. ., „ . .. :, 

I operated - on- the left, ,5eye^ the a-jd of 

^^yi755' - .. -J. . : .. ■:■ 

/ . As foon a« I^ad pafled the-knif? iftfeathe 
anterior chamber, he turned his eyes fopmch 
upwards, th^^^he cornea wa&.- quite ouf of 
£ght i I w4ite4 till the eye returned, to its 
former pjofitioUi ^whcn tr&iind the pant of 
4ie inftrutfteqfc % th«/fiMi.':jaihidi.I imme- 
diately difengaged, and finiflied the opers^idn 
without any other accident/; • ; ■"■ ' 

o' I expedlcd a great inflammation from -the 
iris being toiached,^ l?iit was/agi'e^ab'ly- clifipL 
Ipointed, finding the man: cieoG>t<(3r ^ifjj ijttle 
pain, no fever, and the ihfldmmafion iiicbn'- 
;fider«Me. •,••,-;•■ F .? •;- ^■■. ■• .••, '■,•-; 

About three weeks -after the ope'ratioit, 
he could diftinguifh colours, a'nd large ob- 
jears tolerably well'j but could not bear 
much light;" His eye Continued weak and 
-Watery, for ahoiit three weeks -more, v^heh 
hecould.aafily.'feea'pjnjn-the fleeve of his 
own coat; his eye was clear, but the pupil 
■not quite round, which was certainly owing 
to the rr/i :tifeiftg huft. '^'-^ .'.''..; 
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2. — : — '- " ■ ' "U ' ' -was 4dniitted into the 
Royal Infirmary iabcut the tefddie of Septem- 
ber, with a cataradt ih^he^one eye, and the 
tdrnea of the other quite of^Skqae. 

The pupil of the cataraded ey« was coivr 
traded td above the fizq of k large pin head, 
but quite immoveable. 

% He was vifited by feveral Surgeons in 
town, who were of opini6n/^that the dif- 
e^fe was : incurabie, and that the bottom of 
4he eye was ifeifted, as weii 4s the cryftal- 

I propofed trying 'the new operation, btf- 
/ore he fhould be dirmii&d incurable $ to 
jwhich-they very readily confented. 
. I perfprR>^ it without any accident, and 
.the rjian recovered in a few. days, without 
any fever, pain, or inflammation. He was 
difmiflfcd, tl>e Houfe Bboot a fortnight after 
the operation, when his eye was quite clear, 
but the pupil ftilUpjmqvcable y and be could 
only perceive a glimo^ering of light, which 
is more than ww expeSeri from the ap- 
pearance of the ;piiipil before the opera- 
•tion. '. / 

3.,& .4. j^pN' C»Ate,/aged about 40 

years, was admitted ir)J9 th^Rpyal Infirmary 

^ , with 

Digitized by VjOOQ IC 



i 



PHYSICAL AND LITERARY. 329 

wHh a catar^dt ia both eyes, which had 
muchlorthe ihilky aippearance* 

I operated on boih -eyes the 28th c^ Se^r 
temieh 1755,- ^^^ nothiag: extraordinftry oc- 
curred during, the operation ; ^onrly, upon 
dividing! the capjuh of thecryftallinp, a Ibrt 
of milky liquor came o^k, and the kri$ wa$ 
of a darkrbrowji cojow. He had a very 
fpeedy recovery 5 fixflayisiaftcr the opera(son> 
I uncovi5rcd;hi^ j?y)e;^ Jbir:was: ^aj^blc pf dif- 
tinguiihxDg colours; I looked again ie$P hi9 
eyes on tjbjc 1341 4ftyj 'i^hea I fpand hU 
fight ftiU better, wwJ^bis eye^ raorp^^Jc ^ 
look at ^^IJ ph}^Qsy w;thp,i;it conjpl^ia- 
ing. . ; 

He was difmiflcd tfee houfc the ipthr of 
Novemk^ry when hp could read witl;kpujt Ac 
affiftance of glafles. 

5. Robert Laurie, mh^m I h»yfi «il- 
ready mentioned, had thp operation p«;fpr«nr 
ed on the right eye .the i^th jof O^ci^r, 
when nothing extraordinary happened i hP 
had a very good recovery, with icarce any 
pain or inflammation ; he was difmilTed from 
the houfethe 19th of November^ when iio 
faw vfery diftinftly withA)oth eyes. ^ ^ ^ 
Vol. II. T *- - - ^6^A/^u(^ 
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6: AoNBs Barrowman^ aged abcmt 30 
years, was admitted. into the Royal -Irifir-' 
mary, with catarads in both eyes. 
• I qpeirated on the left eye the 26th of 
OBcber 1755. 

The fpace betwixt her eye-lids, when rai- 
fed up, was fo fmali, that I could with dif-- 
ficulty fee all the cornea^ which, in diis pa- 
tient,^ w{^ remarkably flat. - 

A& foori aB I haKi paffed the knife into the 
anterior chambety^w^d wa« feized with a fit 
of coughihg, whicli otyliged me to cut the 
Cornea in a very great* hurry/ Thfc opening 
in the.^(^r;^^^? was but fmall, whieh gave me 
more difficulty in extrading the cryftalline^ 
than Ih'ad in any- of die former. " 
^ ^N^^^^^i^HST* ANDrNO this unlucky acci-^ 
dent, (he had a tolerably good recovery ; her 
ey6 wa« pained, and fomewhit inflamed, for 
fonietime after. the operation, but never vio- 
lently* She was* diftoified the houfe about 
fix weeks after the operation, beitig thea 
able to diflinguifli very fmall objed:s; 

N. B. Some eyes are more proper for this^ 
operation' thaii others 5 the larger the eye> 
and the more coi^maJc ^ihe cornea^ the opera- 
tion •^a^ill. be the eafien 4. This wpmafn had a 

remarkably 
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5remarfcabl;^ bad- eye in this refpe^ ; it was 
fmall, the cornea flat, and the diftSfttC '\SS^ 
tween the eye-lids/ when opeh^,^* was vtr^ 
little : perhaps the fpecultim octdi would ^ te 
of ufe to help all thefe JFayits white tht^ corned 
is 'cutting, but no longer, for fear of preflSng 
out the vitreous humour. - - - 

There was nothing particular in the treat* 
ment of thefe patients -after the operation $ 
it confifted chiefly in .Wooding, i]pare diet, 
now and then a gentfe laxjftive, ifid cteths 
dipt in vinegar and water gppfied -frequently 
to the eyes Y they were 'not confined tb tfeeir 
i)eds «boveii'day oit two, and none of them 
requirect' fomehlations; -- ' - * ^^'^^ •- , ^ 

I,dp*ibt'|)*etend,- fi^ thea1x>ve-e^$, to 
make a comparifon betwixt the fucd^ of 
jc6uchirtg,^afid thfe !*g^ te^tbdd; *his r&quiVes 
more ca&» than I haWjflBl iDdcaiks^tS^feei'-'^ 

According to the trials made by foSSt^di 
the French Surgeons, which you'll findin the 
Memoirs of the Academy of Surgery, vol. ii. 
/. C78. the couching was the mofl: fucccfsful, 

Mr. Morand couched fix patients. 
3 of them faw diftindly, 
3 of the catarads rofe agaio* 

M, 
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M:IaFayi extraded fix catarads In the 
new way* ; / 

2 of thp patients few diftittftly. 
2 of Hiem faw lefs diftb^Iy. 
a pf thcita were quite blind. 

.M. P(fjfft extra^ed feven cataracts ajisr the 
new mctliod. 

2 fif his patients faw djftindlly. 
2 of them lefs diftiadly. 
J could diftinguifc light. . ' : 

a of jthem were quite blind. 

WiiR^ Itojudge-frjOTi my own:experien€e 
in both operations^ the new ihethod certain- 
ly ql»it|» jfee preffrence: r fmCe I havfe only 
operated upon fix catara<tsj andfa|l.$f them 
have ftREceeded, thp^Coine wereu^t v^rypro- 
?nifi»fr.. i , ;w.,j . ' -,. -> •: 1/ : 

Thi$, I hope, v?iU ^*pite others to make 
furthef.tjigls af)d ipjpewemcntstia Atf opie- 



Art. 
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u^ Hernia j^«!« .4*^ Omentum failing dmii 
J . ^'«?^ /^f? Scrotum f 4^ T«pii%44 .'JUiylNOt 
. ^TON, JW. J^^r, ^i&;J&/^»/a^^, Afeerdterl *.= . ; 

Young .njkjiLn, : ag«d ^oiM: aS, <rf! a ^155 

thin hfibi« of body^ ilid naturallyrn^ 

a healthy >9a^nftit&tk>n» v«ariei)zed ^ith a 

paim and uneaiin^fs aboift ijbctregkm.:0^^^ 

&Qm^^ i tibf, .lYittchrcxdmptiinits, (witboab 

any JTegiila^ ^vifc$) h^took! a Tom^k, vMdjt 

«{!N^ated m.:.the^jAiinii'teanner, ,tmt wit^dik 

aUeViating hk JotMOjit^ : t^neaijoMfs; : In the 

9Vebiftg of tfaati day? ab^iitliibc hanns; after 

the* of^ratiori /X>f the yxsnslr/iheiv^as feizisd 

wilhibar^ipfeinSfOwrcall hteiWfy, fbr whacfa^ 

by theiadv!<cet^.«%F^yfi(Ham v^e:;was-^ei^eid 

a« €fmplliTOt;iclj5fti?r, ,«ndrffc»cfl«ody«M& aTbfed-) 

time.. . i;fe^^3^r?Dperated,geiitlyi ^nd ;b«J 

pa0ed thtfml^ghft$»rel[ty free. Bf pain, titt-totj 

*vards .moriSjnyfthat tfic paio BBtiiraed more 

violent tha^ivevec; ,pactlculariy in the left 

$dfe of tbe-junibaical regicm, andinth^il^ 

.. : : ' tefticle*; 

♦ February 5. 1755. 
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tcfticlc. I was called to vifit him that fore- 
noon, and upon examination found a fcro- 
tal hernia on the )eft fide, about the fize of a 
large fift, extremely hard over all its fur- 
fece, and very pairifdl dnthe^ili^hteft touch. 
Hc^ had a hard frequent pulfe,- irilenfe thirft, 
and all the other fymptoms of inflammation. 
He was immediately blooded to a confider- 
«(bte quantityj^ Wiatrmftupes wrung out oi^an 
emollient decodtioii; were akernately applied 
Qp4M iiis fcfttum and belly, and an emol^ 
Keilt Ipurgativc -clyfter waS * ifejedled. The 
applidatipn of this wacrm {Kipes gave him fome 
jGball. relief, and he imagin^df'thfc -parts wi?re 
fofter y but, , upon ufing the /Ux/ri the paijft 
was nE]iolerable^..and ic warJh ^ftin to endi^a^ 
voiir td reduce* 'tb*^ hernia.^ ^^ M«i'continued-ifv 
flris ftate tiiKtbfencvening, when his fetter 
demanded a.^tond^ bloodii^g,^^ which was ac^' 
COf^Iflgly-'performeB ^ • andthip ftimulatin^' 
clyfter vl«as' tht^Wi uf),-afi4i^d0n after hcf 
had two or -thr^0^ -copious dcjeftfens of-1^ 
dttratcd/^/x,; -The opefatiofl^f^thc*c!yfte^ 
ga'^e hiraifome rafc ; but 'thje ftate of the 
h\rnr^^w^i not in- the leaft altered; He Coh- 
finued reftlefs and much pained all nightr,^ 
atid in the morning he drank the decoSi. ta^ 

marindor^ 
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mrindor.cumduphfenna^ ^hichgave him fe*» 
v^ral loofe;ftoob: throughout the day,, th^. 
hernia continuing as hard and painful as for-^^ 
rtierly. j. . . . j. 

He Urould oot:agree to have the operaticm: 
ojF ih^ bubonocele performed, and in the ev^n-^ 
ing his pulfi? feecame feeble s he had fc«-: 
quent returns of zjingultus^ and died next? 
mptning. ;It may be neceffary to mention,* 
Agt. foon aftcsr the vomit he <:ried out, that^ 
f0meth)ng .w^s. tearing his flbmach and gutst 
toward? thetbotiom of his l?elly/ 

jpuRiNo^liis illnefs. I was much perplexed^ 
about the aatiitd.of the hernia. As the cly-' 
fters and ptifan had operated very ©aturajly,;: 
I could not imagihe that it Was any pbr-: 
tign of the .inteftines 5 and as he was of a; 
remarkably .thin habit of body, I could: 
fcarcely imagine that is was the omen* 
turn \ however, as his friends gave me the 
liberty of examining the body, my doubt$. 
and fcruples were foon fatisfied. I iirfl look^ 
ed the ftate of the abdomen^ where the fol- , 
lowing appearances were very obvious. Thc- 
omentum fallen down, greatly ftretched, and 
fo tenfe, that one fliould .have imagined it 
would have broker The ftomach much (^f?^ 

tended 
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t^(^ with-^ri the great trbi^ture of it 
mucb lower ^wn tb^n its natural fituatibn-$- 
the^reat arch <^tli« dolim qiiiteout of its place> 
and lying as low as the middle of the fmaU 
gnt^ ; thtje^numznd iJeumxon&dttMy in* 
flamed arid nfiuch dtftende^ "V^ith air, and 
the mefenteric vefiels mticb more turgid 
than ufuai. Thefc were the principal things 
to be obfer^ed in the abdoftte9u UpQn tm,^'^ 
kAag an incifion through the teguments of 
^ fcrotum^ i\d the faqie dlr^dipn as is 
ordered in the operatbn for the hubono-^ 
cek) I fooh difeovered the hernial fac, 
w^ich was very thin, tjtnit^ and rigid ; . 
aftd^ «pori laying the fac open, there was 
nothing to be found but the omentum^ 
which wds compleatly mortified as high as 
the ^ing of the mufcle. Upon dilating 
the ring itfelf, I found a convolution of 
the ileum fticking in the very mouth of the 
opening, but the one half of the tranfverfe 
diameter of the canal was only engaged, 
and that part of it which was ftrangulated 
Was in a mortified flate. The remaining 
part of the gut betwixt that and the ca^ 
put coli was touch fmaller than ufual, con- 
fideriWy in^athed,- -and contained a little 
' ' - . putrid 
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putrid vifcid chyle, l/pon taking out the 
&mentum^ I found a refiftance towards the 
loWer part of the,7^rfl?«/^,- which I imagined 
was owing to fomc adhefion s but, upon u- 
fing a very gentle force, it was eafily. ex* 
traded, and plainly came out of the tunica va^ 
gitialis te^is; in wbichthere was a pretty largp 
hole or perforation* :Thc tcfticlc appeared 
to be qwte fpund. : Thut portion of the (h 
/»^^«;w which. waJCQOteined in Hkitfirotum^ 
weighed fi^ Qunei^ and ahaE v 
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Aat. XXIV. 
A Child brought forth at a Rsnt of the Beliy *• 

IN jfprii 1736, Ei/peiGrdnti in the parifti 
of Moyy being with chiti, took her la- 
bour-painsr * After- th^y hdSi continued three 
<3l^ys with the child in the birth, two cracks, 
as if the rafters^rbf tije lio&fo had fecokfei 
were heard about the fick wife, and her bel- 
ly was rent from near the navel, with a 
fquaint downwards and to the left fide^ ta 
near the fhare-bone. At tfiis rent the child 
came into the world, the after-burthen was 
brought away, and the intrails were fcen. 

The rent was cured without any other ajp- 
plication, than that of butter mixed with 
white fugar, and its fear was only as the 
icratch of a big pin% 

These feds are attcfted by the judicial 
oaths of jinna Kennedy a midwife, and Mary 
Ogihie a neighbour^ who were prefent whea 
the rent was made and the child came out 
of it I of Margaret Dallas^ who affifted to- 

bring; 

* May I. 1755, 
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tring away the after-burthen ; • of Robert, 
Smith who^w the rent and intrails imxne-f) 
diately after this ; gnd of Ifobel Tarreh , whoy 
i^fterwards examined the fear : t^ken and 
fubfcribed by James Macqueen- younger , o{^ 
Corribrougb^ Bailie" to the Laird of MackintoJI:^ 
zt Moyhally November 22.. 173 8; of . which 
the original fubfcribed copies are kept by the 
.Secretaries of the Philofophical Society of 
Edinburgh. 



A Child efiaping at a Rent of the Womb in* 
to /^^ Abdomen > by Alexajnder Monro, 
fenior, M..D. & P.A. ^^, ,) . 

IN March 1744, I was defired by Mr* 
"Rfimfay Surgeon here, to witnefs the exa- 
mination of the body of a woman who died 
in child-labour without being delivered. The 
account given me of this woman was, that 
fhe was about 35 years of age, and had born 
two dead children, and a living one. Being at 
her full reckoning, her pains had begun on 
Tuefday morning, and continued in a natural 
way^ the child advancing towards the birth, 

and 
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and fotnc of Ihe waters coming ^away air that 
day and Wednefday^ till Wednejday efvening, 
when fitting in a chair in labour, ihe gave 
a fud^eh fpririg from th6 chair, complaining 
of violent pain in her belly. The child ne- 
ver was felt afterwards by thofe who attempt- 
ed to alTift her delivery. She. cpnftantly 
complained of violent pain in her belly, With 
her fenfes and judgment intife, tillFW^^ 
morning, when (he died. On Saturday her 
body was opened. 

.After cleaning away with fpungps. a con- 
liderable cjuantity of blood floating jn the 
abdometiy we faw a ripe child and its fecun- 
dines lying in the lower part of it, d little to 
the right fide. The child, placenta^ and um- 
bilical rope were intire, and the membranes 
were as ufual after birth. The woman's ute- 
rus had its fundus raifed as high as the navel, 
with its fubftance foft and Tpongy as is com- 
mon in pregnants, nothing preternatural, 
appearing in its fore-fide jf but when the 
fundus was turned down and forwards to- 
wards the ojfa pubisy a large rent four inches 
long was feen towards the neck of the womb ; 
which being again put into its natural fitua- 
tion, was opened its whole length, in the 

middl^ 
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middle of its forepart, when wc had a bet- 
ter view of the rent, extending from very 
near the 0^ i//^r/upwardsy a little obliquely 
to the right fide. The os uteri was then ve- 
ry little open- ■ iTie cervix which is^ diftich 
giiifliaHc plainly fVdm Hit fundus in a woman 
not with child, wis here extended into the 
fame common fac with it. The inner furfacc 
bf the womb was all 'fmdoth, feeming to be 
covered with a fin^^illeus^wenibfane.- From 
the larger fize of the finiifes; at the back and 
upper part pfthe'^dmb, I ju^gcfd i^jAfla^ 
fehid'to bare been formerly applied Att*/ 



Akt. 
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Art. 3CXV. 

Jl preternatural ColkBion of Waters in the 
Womb with Tmns i by Stephen Feli, 
: .burgeon in Ulverftone *. 

I;N November 1747, 1 w»s called to Hannah 
- Sqltboufey mother pf feyeral children, 
thpn, according fo hpr reckoning, in th^ 
lirft week of the eighth month of herpreg-r 
il%ncy? She had pbfcryedlicr belly increa- 
fing in bulk very faft during the preceeding 
month, and particularly in the two laft weeks, 
in every day of which 9 fenfible difference 
was faid to have been obferved. At my firft 
vifit^ her abdomen appeared to me much more 
diftended than ever I had feep in a wo- 
man with child, cfpecially from the navel 
to the upper part of the epigaftric region, 
where it was more tenfe than towards the 
offapubts^ and the moft ftretched part had 
Jittle fenfe of feeling. Her pulfe was high 
and quick, her breathing was difficult, her 

face 

♦ FAruary 6. 1755, 
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face Was cisidaverbus, and the had conti- 
nued unnatural labour-pains, with much 
thirft and little urine. The os tinea, was 
a little opened, but without aiiy forming 
of water that could be felt. I ordered 
clyfters and an Opiate at night, which made 
her pafs it quietly. . 

Next day the pains were more natu- 
ral, and fhe was tolerably eafy. In the 
evening, (he took an opiate with two 
fcruples of pulv. ad partum^ after which, 
there were intervals between her pains ; 
but at four in the morning, (he became 
delirious, and appeared like one who had 
pot an hour to live. On taking rich hot 
negus, thefe fymptoms went off; and then 
having felt a child's head floating in wa- 
ter, I broke the membranes, and brought 
away two male children, who were fcarcc 
half the fize of children born at the u- 
fual time. One of them was dead, fwell'd 
and livid ; the other lived 64 hours, but 
without taking food, or making any dif- 
charge by ftool or urine. The quantity 
of water voided in this delivery was com- 
puted by all prefent not lefs than fix wine 
gallons, 48 or 50 lib. 

' Mx 
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- My ;patient!s Ijelly fubij4ing to the natu- 
ral dimenfions^ was fwatb^d immediately afr 
ter the a£ter:-biirthen was brougbt away. 
She had ftrengthening cordials and ano« 
djmes given her, with a proper diet, an4 
fbmetinies i:lyfters; Now, pn the i2th day 
after her delivery, fhe appears put of danger. 



Art* 
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ARf. XXVI. , 

Hiftorm cf tophaceous' Concretion^ in the aK^ 
mentary Canal \ by Alexander MoNRoi 
fenier^ M D. M R.S. and Profejfor of 
Anatmy in the Univ&yity g/'EdinbuFgh *• 

THE number of hiftories of tophaceous 
concretions in the alimentary canal 
is not fo gfj]B«, bo« that your colleaion 
might, ip my oJ)inib»,- admit 5f foi?ie fbwi 
efpecidly if there is a Variety in theni.' * > 

Hi^. !• A healthy bbyi about twelve years 
of age, began to comjylain of colic pains^ 
which iricre^fihg wit& frequent gripes, ^^r- 
borygmi and vomiting, had fuch anefFeft, 
that hia pareilts averted, he was fcarce'of fo 
large ftature after fix years of his, difcafe a$ 
he was at the beginning <>f it. ' Vbfeits, 
purges, vermifuges, atteniiants, and a vari- 
ety of other medicines had been given in 
that time without any benefit. 

His father, one of the town-officers or 

fetjeahts, having then aflced my worthy friend 

Vol. n. , X X and 

• February 6. 1755. 
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and collcgue Dr. Plummets advice, he defi^ 
red my afliftancc. We were told by the lad, 
who was greatly emaciated and very weak, 
that fome years pail he had not had the vo- 
diitingj bat found a hard painful tumor above 
the left gfpinj. which fpinetinacs {hifte4 place 
a littlie, where he fancied often he fplt fome- 
tjiing like thCj ftriking of two hard bodies on 
each other. He had been of late much fa- 
tigued with teneffnus.[ >Somfetimes he had 
na excretion^ of f^ce^ for fcvcraL days, and 
often hcxQuld;; fwrice make, any waterj ^nd 
that.oflly in d»ops. Diipihg twodt^y^ l?eforc 
our vifit, the tenffmuf wa^ conftarit, arid he 
felt fomcthing hjkr^within the neSfurfi near 
to thct anuSy which he and feyeral]" others had 
endeayourfcd ia vain to .^ring away with their 
^nger^.ii. . . i . * * - .. :. 

0*1. extruding. thi§: fubftance with ^for^ 
cepSy fuch as is , vffd foli extrading ftones^ 
frorar the bl^^d'cr, - he was much cafier than 
he had been of a confiderable time* Next 
day, he pafled two other bails, and qn^ach of 
the two following days, a ball, which Jie could 
not force out at xhQ anus^ was extradbed with 
iticjorceps^. After this, he had no uneafi- 

^ ■ ncfs,. 
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n^fs, and foon- became a heal ftrong young 
man. • ^ *'' -• ' ^ - 

The fergeft of thefe five balls which waj 
the fir ft extt^Qed, is -five inches in circum^ 
ference and foniething- globular, but with 
feveral prominences ahd 'flat furfaccs. Moft 
of the flat parts had'a fmooth fhihing tar- 
tarous thin coat, the reft of it was more 
rough and of a fpongy appearance. The tw6 
laft brought away, are lefs inlDulk, and with- 
out fo much tartarous cruft. The two'fmall 
ones are all covered over with the fliining tar- 
tarous cruft, which in feveral places is pret- 
tily variegated with diflferent ihadcs of an 
afliy colour. One of them has forrie refem- 
blance in its ftiape to the ftiell of a tortoife; 
The other or fmalleft' may be compared to 
two pyramids joined by a common bafe. 

The fecond in fize and the fmalleft are cut 
thro' near to the middle, where , there is ^ 
fmall flat bone, that probably has been the 
the nucleus about which thefe balls were 
formed, tho' they are iiot of the fame 
fhape. 

We were informed by the parents, that 
tiiey had often chid their fon for fwallowing 
tile fmall bones of ftieep^d lambs feet> the 

finewy 
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fincwy parts of which, when boil'd, the fa? 
mily frequently took for food. 

mji: 2. A man who had been long tor- 
tufe4 with a painfql hard fwelling in his 
belly a little above the right grpin, which 
frequently caufed vqmiting and diarrhaa^ 
tho' at other times he was very eoftlVCi aflc- 
cd my advice, when he was very Weak and 
fjmaciated. The feat of this tuffiory \ht kind 
of feel it had thro* the containing parts, a>i4 
^fs tumbling, as the patient faid, from one 
place to another, when he changed pofturesi 
xnade me fufpedt a concretion to be lodged in 
the great fac of the idon. . 

In hope to pufh it forwards in the colon^ I 
paufed his great guts tp be filled with whey 
^fijedted by th^ anm^ and then direft^ him-^ 
felf and afliflants tp preft repeatedly the tu^ 
mar upwards. Th^s manc^vre being feveraj 
times renewed withqut fuccefs, ;| jM-efcribed- 
a brifk purgative, and ordefed the if>je<!Hons 
with the preffure to be repciated as foon »as 
thf? cathartic bcggn to operatfe. . But this 
and feveral other fuch operations failing, my 
pajdjcnt^ipd, 

Having obtfiijie4 leave 'to exaniine his^ 
l?€3f(Jy, my conjc<fttt»s .proved to be right 5 foi: 

iff 
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i^.th^ caput fflijt'^bere was ^.ball: of more, 
than fcvea: injphps «f ftjiBf^ witfea^dq* 

preiiion at^poiitce ^ds. Thf8 iftteftine had 
contraded fomuch at th^Jidedfthe^b^U lua* 
tp'tji9.civhy.c^ the'foA^, ;?t}Mtt I could; not 
force it. thro^ the Aperture tbfete^ blit was; 
obliged tocilt the^ in Vf^ch it ^^^ lodgtd 
tp take itout. - 

The ball hftd'h4) tartardus cruft on its fur-* 
fecc, and whtai it Was cut thro*, its nucleus 
^as a cfaaB;;y or litny fubftance abotrt the &^ 
pf a^conimonpea. .' ~ 

Hifl. 3. Dfi.'Jbbn Stevef^ Phyfician gave 
me a concretion fix Inches in circumference,' 
the nucleus of Which is a ^lumfldne, takeii 
put of the iritfeftincs of a boy of five years old. 
Tho' the ftotte bad been fwallowed long be- 
far? the boy's death, the kernel of it was 
frefh when: the ftone was taken from the 
middle of the ball. A dyfter had brought 
away feveral other plumftones froni this boy 
fonae months ^ftpr the plums had bc^n 

Hiji. 4. Dr* Steven/on alfo gave me anor 
ther fuch concretion, wbifch has four flat 
fides with feveral depreflions in them, mea- 
furiog about five inches in circumference. 
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fbrmfed alfo on a burnet plumftone, which 
he took out of the mteftinc of a girl. 

Hiji. 5. From the fame Gentleman I like- 
ways had a third concretion pretty like to, 
but a little larger than, the one defcribed and 
painted by Dr. Simfon in Med. EJf. vol. i. 
art. 32. which, with three fuch others, he 
took out of the inteftines of another patient. 
Each of them had a fmall flone in the mid- 
dle, the patient having formerly fwallowcd 
fsiall ftones and pebbles, for what he called' 
a colic in his ftomach. 
• The Dr, tells me, that all thefe three pa- 
Ijents wafted, without being fick or lofing 
their appetite. They were fond of flelh for 
f6od, and were averfe to flops. They feldom 
were free of borborygmiy which made the 
abdomen to change almoft conftantly its ap- 
pearance, the parts of it rifing and finking 
as the air went from one place to another. 

Hiji. 6. In a ball of this kind eight inches 
one way and fix the other, taken from a 
Gentleman*s inteftines, whofe hiftory I do 
not know, the nucleus is a little round piece 
of wood about the fize of a common hazle 
nut* 

• — ' N0N8 
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^ ]>T9N£ of tlpie; balls mentioned in theft; 
four laft hiftories have any tartarous ;fcruft,' 
but they and all the other cut ones have the 
appearance qf. being compqfed of fir^t^L 
i(urrounding the nucleus^ their colour <lif* 
itxing in ihades from adarfe rufty to a palci 
aftiy colour. Their fubftance, except where 
there is tartarous cruft, refembles a fine hat 
or chamois-leather when cut. 

Hiji. 7. In the colletftion of curiofities 
kept by the Surgeons of this place, there 
is a ball taken out of the ftomach of 
a horfe, which is nearly fpherical, and 
nineteen inches in circumference. Its 
furface has fomething of the mulberry 
form, being compofed of a great number 
of hcmifpherical knobs, about a quarter 
of an inch diameter contiguous to each 
other. Their outward (hell looks like ^ 
thin cruft of fandy clay ; but within this 
the fubftance has the fame matted appear- 
ance as the human concretions have. 

Hifi. 8. Balls are alfo frequently form- 
ed in the ftomachs of cows. Three of 
them which were given to me, are al- 
moft exaft fpheres of a black colour, com* 

pofed 
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pbTeSi of an etcernal bard' Urtarous eraft, 
which is^ abdut rr ^^ ^ ^^^^ thkrk. 
Within this there is nothing but (hart 
black hairs matted compaiftly together. 
The circumference of thfe largeft is g 
inches 5 of the fccond, 6 ; and that of the 
third, is 5^. . .T .: 



*o '':' 
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Art. XXVIL ^ 

Remarks* on Procidentia Ani, Intufufceptib,* 
Ivfiammation^ and Volvulus of the Inte^ 
Jiines^' by Alexander Monro femor^ 
M. D. & P. A"^. 

AT ftool more or lefs of the infide of 
the reSium is generally thriift out be- 
yond the verge of ih^ anus ^ which afcends 
when the preflure of the diaphragm and ab- 
dominal mufcles ceafes* IF the protruded 
inteftine is not then retraced, it is fqueeTfed 
by xh^fphinSler ani^ fo that the return of li- 
quors from the part of it which' is beyond 
this llrifture, muft be rendered difficult ^ 
on which account, this part fwells,. becomes 
of a colour more red than natural ^ and a 
larger than ordinary quantity of flime flows 
from the ends of .the veiTels that open on its 
inverted villous furface. This (late is called 
frocidentia am 5 a difeafe, to which chil- 
dren, old people, thofe weakened by difeafes, 
or fuch as are attacked by fenefmui^ {torn 
Vol. 11. Y y whatever 

♦ February 6, 1755. 
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whatever irritating caufe, are more fubjcft 
than others. 

The fpeqdy reduction of the inverted pro- 
truded part of the inteftine, is the efFeftual 
^rc i nor (hould time be Idft, as is^ often ad- 
vifed, in trying to diminifti the fwellmg by 
warm fomentations and poultices, which re- 
lax the veflels, and rarify the liquors, and 
therefore produce an efFeft very different 
from what they are intended to have. If 
the prolapfed inteftine is fo much fwelled, 
that it cannot be made to pafs thro* the coiv- 
trading fphinSiery incifions may be made in 
its furface, by which part of the dime and 
blood contained in the cellular membranes^ 
may be fqueezcd out, to diminifti its volume, 
and thus to make it capable of returning a- 
gain within the body. 

. The pradice of th€ nurfes and other good 
women, in niaking the rediidtion of a pro^ 
cidentiay is very faulty. They apply a warm 
cloth to the protruded part of the gut, and 
preffing on it, endeavour to thruft it all up 
at once. Before the inteftine fwells, this o- 
peration fometimes fucceeds with children 
y^hok fphinSler is weak. But dry cloths or 
£ngers arc liable to adhere to the villous coat 

and 
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«nd give great pain in taking theni.oflf..-!Thft 
ploths or . fingers applied here oa^t always 
to be befmeared with oil, unfalted butter: 
or axunge, to prevent, diis adbefiohJ: - The 
bulk of the prolapfed part is often fa 
great,, that it k impoflible to make it all pafs 
at once thro* the jpinn^Ky aad a fruitlefs at- 
tempt of. redudion generally increafes: the 
fweiling.' The redudHon ought to be made 
by prqffing a fmall part of the fides of the 
orifice, with a greafy finger, and \Xrhen ths* 
part is thruft within the orifice, another fin- 
ger is applied to what is then the V6rge of 
the orifice to pufli it upwards, while the firft ' 
applied finger is withdrawn : by fuch an -al- 
ternate fucceflion of two fingers, .the whole 
may be introduced in moft cafes without in- 
dfions, fo that this difeafe is feldom fatal; 
and for that reafon, the patient is generally too 
much neglected after the redudiori is made, 
which is fometimes attended with bad eotir 
fequence^. ^ 

If, after the redudion, the part confiriues 
to be pained and the patient's pulfe is quick, 
blood-letting, and a low cooling diet, are nc- 
ceflfary to prevent inflammation and its confe- 
iquences. In all cafes, too much coftivenefs ) 

and 
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and ' its contrary a ^atrbcea^ efpecially with 
ienefihusy arc equally to be guarded againft | 
feeing a.'rctqrn tA ^ procidentia may be cau- 
fcd by either of them. The relaxed parts 
UK to be braced by ftrengthenin^itDpical me- 
dicines. ^^ In the afiringents commonly prc-- 
fcribed, lean have iio confidence; their rcf-» 
fefi goes no deeper. than the flLini ; but ilU 
mulants; fuch as ardent fpirita?or tinftures of 
th<e atomatic .refine made with, them^ give 
& fpring tp.^ the parts,, and excite a gjowr. 
ing heat whenever they ai^e applied, fo as to 
tough any part. o£[. the extremity of the gut, 
jvhich th^y can Oflways be made toda. » 
. I have faid, that this difeafe, ihtpfociden^ 
^/^a ^m, is feldoni fatal i and the redudion 
pf the prolapfed p^rt of the inteftine into 
the body, is generally regarded as a cure of 
)t ; , but that this is not true, when the 
doubling of the inteftine is high up, will ap-r 
pear from the following hiftory, 

A large-fized ftrong healthy boy, a year 
find an half old, after a 'diarrhoea, of fome 
flays, with tenejmus, was obfcrved^tO have a 
procidentia am^ which was treated two days by 
(he women whb attended him ; after which 
Mfr 4d0m J)rummmd,, Surgepn.in tbiapkce^^ 
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i^as: called tQ Ki^affiftance.; ^ He f edacfed th« 
frocitkHti^ frpqucifitly j; but it , foon retarn^di 
which made.. him dcjGre I Ihould be foa-f^ 
fulted, . . . .' 

: THJBr iaveited: teteftine ftood out four 
iJichcs 'ftom . the anus^ .without being much 
ifwdledcot of ft deep red colour, .and the child 
fcem0d:tQhafeefjwJ. other diftafe,. Mr- Drum^ 
fm^i:mo&L eftfiiy: introduced .aU .the timor !ia* 
te'tl^e blpdy;fc»tlfeon after it! was piifhedout 
agfti<i,/upon the >thildi8 living:: a deflr&;t6 
ftpofe i^QtwUbflrfpding a fcrvant's keeping - a 
ftp|;ef on. eacb^fid;?. of the;^fe«^ near: to £adl 
otber> [^^hitevfpme li^uidr .^icrement /wjas 
pjyicji. .After die redtwaJoftwjis again made,! 
put n?y finger, which is long, up the i^.eBmi^ 
pufhing the orific6 of the. inverted gut^t»l 
the point of it, and then found the oriiici 
of the inverted gut refembling the feel^pf the 
0} tinea of an unimpregnated womb refting 
pn it, which I jci)uld throw. :up fome way 
fujpther with a fudden jirk. of the laft. joint of 
the .finger, ? butfwithout feeing able to invert 
it. We then caufed a larg$. quantity of ,milAf 
and water to be injedled with force, while 
the two fides of the anu% were preflfed firmly 
pt> th? pipe of the fyringe introduced by the 

ami 
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anus into the reStunty to prevent the liquor's 
recoiling, in hope that.the liquor would car- 
ry the inverted gut before it, to caufe its 
return to the natural fituation. This opera- 
tion-being repeated feveral times in vain, the 
procidentia always returning with the tenej^ 
muSy a very long probe of whale-bone was 
made, ii fponge was faftened round the 
probe, this was wet in oil, the probe was in« 
trod\iced into the orifice, which, I faid, re- 
fismbled an os tincay the fides of which reft- 
cd on the fpunge ; and with this the Intc- 
Rinc was puftied a great way up into the bo- 
d3rin the diredlion of the reSlum^ but with- 
out fuccefs. Several attempts of the-famei 
kind failing, we defpaired of a cure ; and 
the child, fomctimc after, being attacked with 
fevere vomiting and perpetual tenefmusy died 
in few days. 

Mr. Drummondy who opened the body, 
told me, that the inverfion began a little belov^ 
the upper part of the figmoid flexure of the 
cohm ; and that the mefcolon was torn away 
from the inverted part. 

Whei* a doubled part of an inteftine is 
f xtended into the cavity of this alimentary 

?an^l^ 
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fcanal, without appearing externally at the 
anuSy it is called intufufceptioy which, I ani 
perfuaded, is a much more frequent . dif- 
eafe than is generally thought. I have fccn 
feveral whom I judged to have died by it, 
and fhall now relate the cafes of four people 
whole bodies were examined after death. , 

1. A middle aged woman, during fixteeii 
months before her death, fufferei greatly , 
from colic-pains, diftenfibn of her bellyi 
vomiting, and tenefmus. In the latter part 
of her life, when I firft faw her, {he had no 
ceflation from pain, except by the force of 
opium. ' 

In the great arch of :ther(?/w was a doubled 
part of that gut, feven inches long. The 
containing intcftine had a very flight adhe* 
fion to the inverted doubled part contiguous 
to it. The doubled part was of a dark red 
colour, but not very hard. The paffage for 
the Jaces thro' it was very narrow, not al- 
lowing a finger puftied with force to pafs. 

2. A woman about fifty years of age lived 
two years with fuch fymptoms as were nar- 
rated in the preceeding cafe. We found a 
doubled part of the cokn four inches long in 

the 
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the left loin, m&i "the fame appearance as dc-^ 

fcribcd in the former ^iftory. 

' 3. A girl feven lyedr oid, after eating a 

carrot and ibmfc curren-berries,; had a ^ colic 
which continaed with a diftended helly, vo- 
miting, and paffing little /^r«, ivotei Jufy 
till the middle of DeanrAer^ notwithftand^ 
iixg various medicines were gii^en, 

MsiMalcolm Surgeon in Dalkeith^ whofe 
patient ihe was, being allowed ^6 open- hcF 
corpfc, cut but the affedted part of the in- 
teftine, and fent it to me. . The ccnd of the 
iHum^ vahula Pulpily caput xoU^ ^lA appen-^^ 
dix vermiformisj were raifed twelve inches 
\vjihin the C(do^y^to which they had a flight 
adhefion. The outer furface of the con- 
tained inteftines was dark-coloured, and very 
unequal. The orifice of the prblapfed part 
wasnot'atits end; but at one jfide an -inch 
and a half fronx the end, with a foft flexible 
prpminencc at each fide xif the aperture, 
which I judge to have been Tulpius*s valve. 
The doubled parts wbre &^ grown together, 
that I could not diflinguifli one from the o- 
ther. The paflage within them was fo fmall 
and crooked, that I could -not pufh a probe 

thro 
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foiUHi k was &M pofvi^iwf. 

4. I>j». CiiA^ Pf<ife^iga?;<>£]Vfc<ilkirf0 in tfw* 
Umvtivfity of Gi^^o^^^. CQft>n»Hiica|e4 (he* 
fbllow^g/eafe lOrrnff,*:? 

• A bdy about twdAfe years* of age cowh 
plained qI waMkriQg^ eiDlk-pains, which he 
icapu^ to- U)oj^&> ]ieaeiva4 on h&s^ belly firoixt. 
fome of his companions. Thcfe paiois re- 
tviraed frtf^eBtl^ Mlilh d^trybasa^ and fome- 
tiines bloody fte^k,, \iois near a year, when 
his pairebt^ coaAiltod Mr: Jatnes Muir Sur- 
geon in G/^e^^ about hkn% .The hcny was^ 
then Hxuch. eraaeiafcdi, hadr.a'(|iikk piU&$ a^d 
was fo weak as to be confined to his bed^ 
Two weeks^ after '^thk, a'li^id ai^mbranous 
fubilapce, paffed by the boyfat Aool^ was. 
brought to Mi:*^ Muir % wh^! (pbfls^ing it to* 
be tubular^'tied one ftn4 ofjtj, an4^ blowings 
into the other, difteixdedit ioto fijkch a can^ 
vqtutedi tirbe. thifteea ki^hes long/ as y<Mi> £sev 
re^refertted A B Q,; Fig. i. of Tab. VH.. 
which I caufifd to bedrawft firciflfi :the origj-^ 
nal' whiifjb vr«9 fen* i»Bi As ^ J^asrthe rftefen-: 
teryD eannueftodtoali ife concave fide, it 
appears^ to have been ui intire piece of, gut> 
and not the villous coat only. Befides this 

Vol. II. Z z large 
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large portkm of intcftinc, there were fcvcral 
fhreds and fmaller pieces pafied by the patient ; 
netwithftanding which, Mr. Muir faw after- 
wards, among the hoy*s faces, flcins of po- 
tatoes which he had eat after thefe parts 
of the intcftine came away, fo that they had 
not ttiade' any difcontinuity in the alimentary' 
canal. The fymptoms continuing, the boy 
died in fix weeks. 

Mr. Muir opened the body of his patient, 
in prefence of feveral Gentleitaen of the fa- 
culty, who faw what I am now to defcribe, 
with the affiftance of a figure, which I cau- 
ferf to be taken of the dried preparation of the 
inteftine fent me. 

The folds of the inteftines and omentum 
were ail glued . together by a fatty curdy 
matter. Within four inches of the valve 
oitht colon J tht ilium A BCy Fig. 2. TaB. 
VII. formed into the ufual curve by the mc- 
fentery D, fuddenly rofe perpendicularly at E, 
where it was much contracted and had the 
appearance of a cicatrice. When the intc- 
ftine was opened, this contraftcd part of it 
was found much thicker and harder than it 
was any where elfe> especially on one fide, 

where 
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svhcrc it flood fo far into the cavity, as to 
leave a very firiall:paflagc for. the aliment. 
Along this cbntrafted .part, thie mefentery F 
was firm and' tbidc; After this,, the inte- 
ftine G fc(ecame of a natural enough form and 
make^ : 

The Gentlemen in GJa/gow were, I think, 
juftly of opinion, that the part of the inte- 
ftiner inflated by JMr. Muiry delineated in 
Fig. J. was an iittijfufcepted part fallen away 
by gangrene from thfi.inteftinc at E;in Fig. 2* 
whficc, if there was. a concretion,- as is re- 
lated in cafe 3. it. might have feparated with- 
out fleaving any <Jifcontinuity in thcalimen^ 
tary, canal, 

Ihtvej feveral rtimes feeri an intufufceptio 
in the fmall guts of children, a little below 
which lobfcrved feveral worms ; but the 
inverted, part wa$ peither fwelled.nor difr- 
colouted, 7 which .i»a4f . xne think this dif- 
Qrder had happ€aed,-foon before death. In 
one of them a lurnbricus teres had pafled the 
half of its length thro' a hole made in the 
gut ; but, as there was no rednefs or other 
mark of inflammation at this part, I judged 
the perforation to have been made by the 
yvorni after the d^ith of the fubjedt. 

Therp 
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Tk£^ is liliie diSiculty In conceiving 
^bow i piece of a gptibooild ^nitcr <k)ubicd 
joto t|ic put bdo>r it, amd how it axay be 
grad4ally {>rotrudcd downwards .to a coofi* 
deral^le dttent by th& food or fcKes^ k\ tfaek 
defcqnt tov^ard^ the anus ; but it is notjeafy,' 
vrihea (his ds/eaftr .beginey to daftingtiiOi it 
froiri a varit:^y of other diibrdcrs which hap- 
pen in di( alimentary canal, or to find a-«e« 
mc% wMpnit is fofpedeaiy •• efpeci^liy if die 
intufuffep^o is in thcrimaU ^giAs ^r.and froiii 
the pbferYation abofve naarated -oi the/child 
'witi thejfjLtal/>/YJwifca6'ir:af», it woald ap^ 
pcaf diffituh to cure it ; liay, if tjikc doubted 
parts of ihe inteftinc arengrown together, as 
in tnoft df the hiftorieSj'a..reduiftion of it is 
impofliblc. ; Nature . 'feldom will perfbrm 
what I imagine (h^ did in the laft cafe, fe- 
pgrate thp doubled part, ind unite what con- 
tained it.. -Nor dp I ;^HcVe any will be fo 
hardy as to advife the amputation of the af- 
fpfted part of the gut. 

I 

• 'Tis fdrpriing how the pcppte: in the pre- 
ceeding hiftories Jived (b long as they did, 
with fuch large doublings of the intcftiac, 
and its mefentery prcfled together within an- 

Qthec 
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other jriecic^ loifJnteftttie, x^en Jtjfee^ common 
Mamokdtion iof i^& ^misftin^e oftea kUls fotny 
liiofe kAttadu^, <if whkji I ceuldgiv« n«- 
merott^ eic^ples, ^Imt (fertl reiatc only one. 
A CJendcimaniof '^ak nerves, and Tubjcdl to 
jiK»i^)«ndpdft^miiisftbri!|ach, was feized with 
a cdk-pam iibbut ten oVlock at nightj for 
wfeach he fw«dlo<rcd a f mall Quantity of an' 
ai^nt ifpirit. i At thfce in th« mornfng/ 
twelve or fottftdeh- ounces -of fcfood were let 
from ^ vein in his arm,, and a laxative cly- 
fiw,J¥Pm inJ4^aedv-^4T>d- opertrtjed well. At' 
efewh that foreno^ 1 firft fa.w him, when 
hl&irfetod* thdu^hii^him much better,^ being' 
free of pain ;--btit /as bk belly was gready 
fwtelUd and very- W^fe, his pulfe quick, fmall' 
and ittKrrfiifting, '^his •eyes languid, his coun- 
tcnafjce faded, and a cold clammy fweat wis , 
over all his feoiyi T made the frogmjis of 
his having very -few hours to live.- He 
died before five of the afternoon, fo that his 
difeafe killed him ill eighteen hours 5 and I 
have heard of others who died in lefs than 
twelve hours after the firft appearance of 

inflammation. 

The 
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The common pra<^ice of taking fpiritu^ 
Qus liquorsj or the warm carminatives, when 
people feel colic-pabs> is often unlu^dcy, 
and public warning (hould be given agatnft 
i( } for tho' relief is fpund from fach 
tilings in the windy or fpafmodic colics, 
which is npt a deadly difgaf?, yfet they hurry 
on the inflammatory ones fo faft, that they 
foon prove mortal* I mud likeways think, 
that writers on the inflammation of the in^ 
tpftines don't reprefcnt ft? opgly enough the 
Ifqguor and low. fnaall pulf?' which fuch pa^ 
tj^nts generally havje .napj?e jthan in ,iwMl. 
other difeafes. It is fuch^ : that I have fcfen 
feveral caff s, where pfsoplg of; Ikill, dfcei^ 
ycd by thefe, fynjptoms, have ^pen afraid to 
order blopd-Ietting, left the patient had not 
ftrength to bear it, and thereby ixegledcd 
this evacuation till it was too kte. When 
there is a fixed pain in the ftomach or in- 
teftines, with a quick tho' fmall pulfe, no 
time is to be loft -, blood ought immediately 
to be let plentifully, and venefedion (hould 
hp repeated till the pulfe becomes full and 
free, which is a hopeful fign of a cure's bc-r 
ing made, tho' neither pain nor fever have 
yet ceafed. 
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The intufafceptio or inflammation, but e- 
fpecially the latter, is generally the caufe of 
what is commonly called the iliac paffion or 
miferere ; for the volvulus or twifting a part 
of the inteftines into a knot, which was 
formerly faid to be the cafe, is generally 
thought now, when anatomy is more culti- 
vatedi and infpe£tion of morbid bodies is 
more univerfally allowed, to be an imaginary 
evil. It is very rare, but not impoffible, as 
will appear from the hiftory fubjoined to 
tfais^ and conununicated to me by my Son. 



Art, 
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: Art. XXVHJ, 

A H^ry :of ,0gmuiaie Vpl¥ijitt« 9f the Ih^ 

AN old iB^. ciimf)liuc^Qf acolk,. wiuck 
. was negk£ted more ^tbtA t^ d^jr.s^;i 
when. Mc. William W^ Swgsonr: m £4i¥^ 
^^r^i^- heuig cdiledy. ^nd. hi^ ia tljMC a^O*- 
nies of death. Next day I obtained leave to 
open his abdomefiy in prefence of feveral 
ftudents of phyfic. We faw fourteen inches 
long of the intejiinum ilium hanging in ^Jinus 
down in the pelvis^ all black and mortified, 
QGcafioned by a ftrangulation at the upper 
part of the two pieces of the ilium ^which 
formed iYi^Jinus. The firm ftridure there 
was made by the apperi^ix vermiformisy the 
body of which lay behind the conftridted 
parts of the iliumy while the end of it paf- 
fing over and before them, had funk back 
again into a plica of the mefentery, from 
which, with great difficulty, I could draw 

it 
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it out, for it was there extended into a glo- 
bular fliape of three fourths of an inch dia- 
meter, by a glairy liquor, and was lodged 
in a depreffion of the mefentery, the entry 
to which was fmalkr than the cavity where, 
the globular end oi.thc afipendix\h2idheca 
lodged* ... - . , :;. 
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Art,. -XXIX- 

A Defcription of the American TtUow^Feverj, 

in a Letter jrom. Dr. John Lining Fby^ 

Jician at Charlcs-town in South Carolina^ 

to Dr. Robert Whytt Profejfor tf Me-- 

dicine in the IJniverJity of Edinburgh ♦. 

SIR9 Charlbstown, Dtcemheri^. 1753. 

" TN obedience to your defire, I have fent 

" jL you the hiftory of the yellow fever as 

*« it appeared here ip ,th« year 1748, which, 

^ as far as I can remembcry agreed in its 

•' fymptoms with the fame difeafe, when it 

" vifited this town in former years. In tbii 

" hiftory, I have confined myfelf to a faithful 

" narration of fafts,, and have avoided any 

" phyfical inquiry into the caufes of the fe- 

" vcral fymptoms in this difeafe ; as that 

** would have required more leifure than I 

■' am, at prefent, mafter of, and would pcr- 

" haps have been lefs ufeful than a plain de- 

" fcription. 

.J 

• March 7. 1754^ 
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" i wrote this hiftory, fo far as it relates 
*^ to the fyroptoms and prognoftics in the year 
^' 1748^ wh^r^we^^^^ the difcafe left ^ 
5* this pl^cc i iAten<^ii|ig afterwar4si> if-tt re- 
** turned, tp add, /rofn further :€xpp|:ien,es, 
*• tho njcjhod of cuire^t andlikewaya in acv 
** count pf; anyoth^fymptonis wMfthncught 
-'^ attend it i but, ag; noj fuch oj>pertunity 
<' Ijas oiFejred, I m\x& now omit that part. 
"However, Lhop^[the 4efcriptioa which I 
" have giyen pf this dreadful mdady, which 
," fo frec^uently rages like th^ plague in the 
/* ibujiiern parts of jpnerjifa^ is fpfuli, th^t 
" a phyfician may, frpm thenc^ .^ not ^ only 
^* form a true judgipeo^ of its ,nature, but 
** lijceways be able to deduce a.n4 cominilw- 
" ca*e fome more cerltain method ^ Qi[ cure, 
*' than has perhaps h'rth^f^to been ufed- . 

** I om forry I could riQt give a fuller 
" account of the diffec^ibps of thofe who 
** died, pf this difeafe, having unfbr^tunately 
*^ loft my notes taken (rtfVjA thofe ^diljedlions* 

J iCmr^ &c. 



I. That 
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I. ^^HAT^^^r, which continues two or 
' '^ - three daysj and terminates without 
< any critical difch^rge by fweat, urine, ftoof, 
G?r. ' kavitig the patient excejSively weak, 
with a fmall pulfe, cafily depreffible by very 
little motion^ or by an ered pofture^ and 
wbicb is fbon fucCteded With an identious 
colour in thc^ white of the eyes and the fkin, 
vomiting, haemorrhages, - &c. and thefe, 
without being accompanied with any degree 
-of a febrile pulfe and heat,- is called in yime-- 
rica^ ^ the yelhw Jeiier. . 

IL- Thk fever does hot fcem to take its 

-origin from any jpaiiicular cbnftitution of the 

. weatlier , indejSlndetat of ' infeBlious miafmata^ 

as Dv^ Warren"^ has formerly well obferved. 

For within thefe tWehty five years,^ it has . 
only been four times epidemical in this town, 
namely, in the autumns^ of the years 1732, 
39, 45 and -48, tho^none of thefe years (ex- 
cepting that of 1739, whofe fummer and 
^utumn were remarkably rainy) were either 
i^armer or t?>pre rainy (and fome of theni 

left 

• In his Tr^atife concerning the malignant fever ifi 
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idfe fo) than the fummers and autumns were 
in feveral others years, in which we had not 
one jnftance of any one being feized with 
%his fever J -which is contrary to what would 
probably have happened, if particular conft^ 
tutions of the weather were produdive of it, 
without mic&Aom miafniatd. - But that this is 
really an infeftious difeafe, feems plain, not 
only from this, that almoft all the nurfes 
catched it and died of it; but like wife, as foon 
^s it- appeared in fowh,' it fobn invaded new- 
comers, thofe who never had the difeafe be- 
fore, and country -people when they came to 
town, while thofe who reniarned'iri the coun- 
Wy cfcaped iti as like wife did thofe who had 
formerly felt its r//W' effefts, tho' they walked 
about the town, ' vifited the fick in all the 
^^iStrtnt Jiadia of the difeafe", and attended the 
funeral of thofe who died of it. And laftly, 
whenever the difeafe appeared here, it was 
eafily traced to fome perfon who had lately 
arrived from fome of the Weji-lndian Iflands, 
where it was epidemical. Altho' the infed:ion 
was fpread with great celerity thro' the town, 
yet if any from' the country received it in 
{p>vn, and fickened on their rpturn home, the 

inf^dipn 
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mfe&ioQ fpread no further^ not even fo much 
as to one in the fame houfe. 

III. The fub}e<as which v^rcre fufceptiblp 
of this fever, were both fexes jo£ the white 
colour, efpecially ftrangers lately armed 
from cold climates, Indians^ Miftees^ Mulaf^ 
toes of all ages, excepting young children; rtnd 
of thofe only fuch as had formerly efcaped the 
infedtion. And indeed if is a\great hap|>i- 
nefs that our conftitutions undergo fuch alte- 
rations in the fmalUpox, meailes and y^Iow 
fever, as for ever afterwards fccure us froiji 
a fecond attack of thofe difeafes* There is 
fomething very Angular in the copAitutiop 
of the Negroes, which renders theix^ not 
liable to this fever; for tho' many of thefe 
were as much expofed as the nurfes to the 
infedion, yet I never knew one inftance of 
this fever amongft them, tho' they arc e- 
qually fubjedt with the white people to the 
bilious fever. 

IV. This fever began in the middle or 
rather towards the end of Augufty and con- 
tinued till near the middle of OSlobery when 
the weather became cold enough to prevent 
its further progrefs. In the beginning of 
Aupijiy the weather ^yas warmer than I had 

ever 
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ever' knoi^ii it in that month : the mercury 
in. jP^r^^'^B thermometer^ for fome days s^r 
2 o'clock/, m. rofe, in the fliaded air, to the- 
96th degree^. ^ which tim£) feveral people 
4ied of apoplexies. The latter part of Auguji 
and the firft week in September were much 
more temperate;, the wether being then, 
much as ufual at that feaibn of the year.: 
The fecond \vcek in September was coW, the 
wind bong conftantly eafterly and the wea«. 
th^r cloudy y afiter which time I kiept^axe-r 
gifter of the ^ heat of : the ihade4 air ^ an ab- 
ilma of which ibllows. 

-, In the latter part of iS^/^wi^r, and from 
tiie'ifl: todie I'&tMoi OBoher.^' 

't!h,e mean heat at, zp^m, was 
The mean nof^urnal heat M>^as 
The greateft heat at iz p, m. was 
The leaft, heat -at 2 p;m. w»&; 
The greateft noOMfnaJ he^ was 
Tb^-leaft no<lUrnal heat was 
The greateftjncreAfo of heat in 24. 

hours was .13 17 

The greateft decreafe of heat in 24 
■ : hPi^rs.was, 9 22' 

In 
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Ik. all the month qf September y and itt- 
die greateft part of Ofif^&r, the:wind .was! 
cafterLy. 

The depth of the rain in Augufty Sep^. 
tember and OSlober refpedtively, was 6.881, 
7.442 and 5.550 inches 3 which^ the' it ex- 
ceeded the rain of thefe three months takea 
together at a medium, from the ten pre- 
cecding years, by .5.570 inches, yet it was 
inferior to that which fell in the lame 
months in federal other years;; for in the* 
years 1747, 50, 51 and 52, .there fell refpe- 
dlively, in thofe three months of thefe years, 
above 2.1^ 22,. 24 and 26 inches f)£ rain. . 

V. .For a day or two before the attack'of 

the ii^m^ people in general coniplained of a 

headach, pain in the loins and extremities, 

efpecially in the knees and calves of the legs, 

lofs of appetite, debility and a fpontaneoas 

laflitude. 

Some however were feized fuddenly, with- 
any fuch previous fymptoms. 

VI. After a chillnefs and horror^ with 
which this difeafe generally invades, a fever 
fucceeded, in which, • 

I. The puljk was very, frequeist till near 
the termination of the fever, and was^ gene- 
rally 
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fome, it was fmall and hrtfd, ui ^jprg, foft 
and flaaftj tut itt'alt-tftctffe eaiW, ]t fre^ucjoitly 
*^rd>ct 4« its firfkiSfs^ a«d hardfteTs/ Ten 
wards the ternlb^tteh of the fever, th^^^olf* 
became frt^Uer, listrnlbrs .&nd kfs- frequent, 
tii: :&^me^4h€«^e was a tfeiiiairkable^ tj^robbing 
m thef oai^btids^ iai$d ^a tli# bypocbbnJria $ ^ nt 
the baincw 6^^ which; It^wa^ Ibtnetihk^ (d ^f eat, 
ihflft it/cadfed a ac(»|«flittRv.]g-e»ili!il6Us tik^^ 
of ihc:aM»nmv -^'•'■' "'--^ ^' ••'i ^ ■:'-' • 

c 2. Th« Ajrif, -j^ttefitllfr-dia'^S^ 
I02 iJe^lws 0f Fbrifrbek*i thcrriittmeftef j 
in fojrticpit^tiras leisv ir^^ried fri^oently, and 
was commonly nearly «qiial in aHI p^s,- the 
heat about the pracordia being feldom - more 
mtenfe than in tlitf'cXtrcrtiitieSi when thefe 
were kept covered; In the firft day of the 
4ifeafe,;:feme had freqjoerit retiirhs of a fenfe 
of chillnefs, tho' there was not any abate- 
ment bf *heir hea#* In^a fewj there hap- , 
pened fo great a rertiiffibn of the heat for 
fome bouf^, when at the fame time the pulfe 
was ibft and lefe' fr6qiient and the fkih 
moift, that one from thefe circumftances 
might reafonably hav.e hoped that the fever 
would only prove a remittent or intermit- 
VoL. il. B b b tent 
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tent. .Aboi>|j*be end of the fccorid!&y, the 
heat ,begaa to a)>j*e. 

3.: Tm Jkin was fomctimcs (tte>'-:i;^$ly) 
dry ; b.at^ oftne?-, arid indeed gpqcSrally, it 
sras moift ,and difpofed . to fweat. 

ON.:thej|irft.day, the fweating wa$:.com-^ 
monly profofe and; gcOjCf aVj on the fecond 
day, it was m^ire.^ipderate : but :ont; both 
thefe^ there rhappened, frequent arid (hort re<^ 
miffions of jhc fweatingsjj :at which: times 
the febrile heat increafed, and thAr.pMfkat 
became mpre uneafy. Onjbje^. ^trd day, 
the difpofiupn to fw^.^^s fo muchJhated; 
that t)le fkin Wasrg^ncr^fly; dry jji only the 
forehead a|^d backs of , the hands roontinued 
moift. : : ; . \ . •. 

4. The r^pitat^n was by no means fre-» 
quent or difficult, but was /pon apce^erated 
by motion, or the.fajtigue;pf drinking a cup 
of any liquid.. 

. 5. The. tcngM was' .moiftj rough and 
white^ even to its tip s^nd edges. On the 
fecond day, its middle, in fome was brown. 
On the thif d day, ^ the .whitenefs and rough- 
nefs of the tongue began to abate. 
. 6. The thirjl^ in very few was great. 

7' A 
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to vomfty'cfpecially 'sifter tii€ exhiKtJon bf 
cither medicines or food, came ; on gene- 
rally' f fee ^tkird day, - ffcs * ttie fever? bcgckhUo 
klfefi/j^ or - rather as the ^ fiilnefs -^^ of thief 
pulfe, heat, afld-dlfpofitioir t^ fWfeat began ^a 
^ate^ ASome indeed,- fetit very few^ 'on the 
firft day, had a^Vorditing either T)iHous\or 
phlegmatic. * *^ - " :■ ' 

8. 'VfeRY few complained of anxttty 6p^ 
oppwflion about the frtecordid or hypocbmr- 
driuy nor-^wds^ there any tenfitfn <yi' feiftlnefs 
about the latter."-- - : 
- 97 ON^^'the^ firft day they generally -dozed 
much,^ but afterward* were very 'ivatcbfulJ ^ 
; \o?R'iftlejyiefs and almoft continiijtl fa&i^^ 
fions came on the'fecond^day. 

II. A great d^hndency zitcndtd the fick 
from the firft attaick. 

I2i The flrength was greatly' pr^ojirated 
frorti the firft attack. ^ • ^ v . J 

i3.-1iHC />/?/;2 in the i^^M loins, ^ &c. of 
which they 'had bom^plained (V) before the 
attack, were greatly inereafed, and in fome, 
the pain in the forehead was very acute and 
darting ; but khofe pains went generally off 
^e iecond day. 

14. The 
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14* Tuz face w^Sr &a(k^^ aadtfae .^es 
were hot, fn^amed and unable to bear og^ich 
Ught. V . 

\ 15. On the firft- dsy, -mviy of theip* at 
^es^ were a l\tt\§ deiirious^ bpt-ftftecMfar^ 
jiot until the reopfs. of the fever. 
: 1 6t The Hood ikvp4 a^tf veftptfeiftion. had «Qt 
fl^y ii>flaipn^atory cruft.i, in Warm w^^tll^^ 
it was florid like arterial blood, and^ covSnufd 
ia one foft homogeneoMMik^ f^^^} without 
any feparatipn of the firifm after it w^$^^i>)4t) 
^Wh<W«ii^9 was my fep^caticii, /thPrfr^r 
fnentum was of too lax atextufe, / , : : 

ij.TmJiools^ after jhp iirft day, wpre 
fetid, inclined to a black, cplpur, aiyd were 
very raifply |3ilipu«, foft or liquid, cj^cepting 
when forced by art ; fprap^bftii^atpcpftive- 
pefs attended fhe febrilp ftate/ 

18. T«E urine was difcharged in at large 
quantity, was pal^, fpn^etimes Umpid, ?nd 
rarely of a higher than a ftraw colour, except 
when the weather was very warnn, apd then 
it was imore Saturated, of a deep cplpur, and 
jdifchargpd in fmaller quantities,; It had a 
large cloud, cxcqpt when it was yqrypale or 
Jlli^pid J but more generally it had a copious, 

. : whitp 
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whke feditoent,;. eveft ki the firft day of tlip 

fever. 
On tHc fecQwJ day, the urine continued .to, 

be)d!i€harged<«ery'X:Qpioul]^i in ibme> it wa9 
thw tor^id^ and depofited a more <:Gpioas fedi- 
ment, than qn the &A day s this fediment wa$ 
fboieitimes of* a browiiijfli (x^lour j in which 
cafeit.vi^s gejicf lly foUowed by b4oody urine,; 
either about the end of the;fecoQd or begin'* 
iMDg^of the d^frd'diiy, Th6 colour and quan- 
tity, of thp urin?,. difcharg^d in equal tkiies, 
were remarkably variable, beilig now limpid,, 
then of a deeper cdoijr, now^ifcharged inj 
a Uijer, th?ft ma ftn»ller. quantity, which: 
could not be afcribed to any change made 
cither in . the quantity i>f quality of the 
dr4ftk, &c. 

VII. The fever accompanied with thofe 
( VI.) fyqiptont$3 terminated on the third day, 
or generally in lefe tha;> 72 hours from the 
firft attaiko riot byf any afiimulatidn, or codi- 
on and excretiop pf the morbid matter 5 for 
if by the latter, there would have been fomc 
critical difcharge byfweat, urine, ftool, or 
otherways, none of which happened ; and 
if, by the former, nothing then would have 
remained but great, debility. Np s this fever 

di4 
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did not terminate in either of thefe falutary 
ways, excepting in fome, who were happy 
enough to have the difeafe conquered in the 
beginning by proper evacuations, and by 
keeping up a plentiful fweat, till the total fo-' 
lution pf the fever, by proper mild diapho- 
retics and diluents. But thofc who had not 
that good fortune, however* tranquil! things 
might appear at this period, (as great dcbi-' 
lity and a little yellownefs in the white. o£ 
the eyes, feem'd then to be the chief com- 
plaints, excepting when the vomiting con-' 
tinued), yet the face of affairs was foon chan- 
ged ; for this period was foon fuccecded by - 
the fecondjladium 3 a ftate, tho' without any 
fever, much more terrible than the firft r* 
the fymptoms in which were the following. 
VIII. I . TvLE pulje, immediately after the 
recefs of the fever, was very little miore fre- 
quent than in health, but hard and fmall. 
However, tho' it continued fmall, it became, 
foon afterwards, flower and very foft -, and this 
foftnefs of the pulfe remained as long as the 
pulfe could ^be felt. In many, in this ftagc 
of the difeafe, the pulfe gradually fub- 
fided, until it became fcarCe perceptible -, and 
this, notwithftanding all the Rxcans ufed to 
■ , fupport 
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fttpport Olid, fill it 5 suid when this was the 
, Cafe, the ideritiQus-like.fufFufion, the vo- 
mitings :delirmmy reftlcfsnefs, &€. incrcafed 
tQ :a gce^t degree. In forae, the pulfe, af- 
ter being exceedingly fmall arid fcarce pcr-^ 
ccptible, recotrerpd confiderably its iliUncfs j ' 
but that favpurable appearaiicc was generally 
of ,biit (hort continuance. 

2. The heat did not exceed the natural ani- 
Epal heal ; and when the , pulfe fubfided, thp 
l^fiiarbecame cold, and the face> breaft and ex* 
tWiaH&es acquired fomeWhat of a livid coldiiirl 
y^^^ri^iiEjkin was dry when ithe weather ,w!a$ 
<J9W^ bat;:wa>,caoift and cknamy vyhen^ the 
weather* was hot. ' ^ • ' ; "I 

' 4^TikE r^^^ was natural or rathw 

flow.', , w .:-.. n ■ ..; .., 

5. Tti'Emgui wzs ttoiftahd tiitfch cleVhr 
er than in the former (Vt 5.JI .ftage, its tip 
and edges, as alfo the gums and lipis, Wert 
of a more florid red coloiir thati ufua|. 

6. Very few complained of thirji^ tho! 
they had a great defire for cold liquors. 

7. The vomiting' or reaching to vomit in- 
creafed, and in fome was. fo conftant, that 
neither medicines nor aliment of any kind 
were retained. Some vomited blood s others 

only 
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only what w» faft enhibltedv miiftd \fiA 
phlegms and others dgaio^h^ t^hat is called 
the Mack vomit, f. The reaching to yDmif 
cofiUnued a longer or fhortcsr tirni^, according 
to the flate of the .piilfe^ for :as: that becamtf 
fuller, amd the heat greater, the reaching to 
yomit abated, zv^ecmtra^' 

8. Th«^ 



' 



* That which, is called ththlack wmit, at firft fight, Ap-^ 
peirs to be black ; ' bat on a'niore careful exitmlnation, t' 
c^f^tvcd, tbat tbi cdoiir froteedtfd fri»ti4 gMat qnaiid^ 
of fmall, fiakejr, .black^fubftanccs w^ick ftoated in the Ij^opr^ 
thrown ap by vomit; but the colour of this liquor was 
ittittchthe fam^'wleli'that\i(rhich the patient' had Tail drank, - 
AI1& was by no m'ean^ black. ThoTe bhd^Sdkey febflance»^ 
are the bile, mixed with, or adhering]4[^U^ i»»aKr. whlph/ 
lined the ftomach. For, upon difTeftion- gf thofe who died 
ef this difeafe, riot only in this but former-years, I afvi^ays 
obferved that the muctu of the flomach was abraded^ - and- 
the bile in ic3 cjifiu was black and; fome^mes wy vifcid. 
In a Lad who djed of this difeafe in the beginning of ^the 
fourth day, and who was i^Aiediatety opebed, the bile was 
Bot.ooly black, .bot had thfo confiftenioe of- thick FiMc^-tar* 
pentine, and was exceedingly tou^h-- On the infide of tBie^ 
Homach, there werefeveral carbuncles or gangrenous fpecks. 
And in all thofe IhavediiTedted; wh-o have died of this dif- 
eafe, I have not only always obferved the fame, but like*^ 
ways that the blood was very fluidr and the veflels of the 
vijcera much diftended ; from whence I have been very in- 
dinable to think, when the difeafe wai hot conquered in its 
ArAjiadtwUf that, about the time .of< the termination of the 
fever, there was a mefafl/ySt of the inorbid matter to the 
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« 8. The inqmetridfe was very ofeftlnatey'^ and 
nvhen they dozed, their flutnbers- were but 
Ihort and unrefrefliin^. There Were fomc! 
who were drowfy ;- blit thefe always awaited, 
after the fhorteft flumbers, . with a great- tie;-* 
jedion of fpirits and ftirength* 

9. The jaBations or reftlefsnefs Was fuf* 
prifing 5 it was frequently fcarce poffible to 
keep the patients in bed, thoj, at the fame 
time, they did not complain of any anxiety 
or uneafinefs ^ but if afked how tliey did, 
the reply was, VerywelL 
^ 10. The debility was fo great, that) iiTthe 
patient was raifed ereft in the bed, or,* in 
fome, if the head was only raifed from the 
pillow, while a cup of dfihjk was' given, the 
pulfe funk- immediately, and became fome- 
times foTmaH; th^rit could fcarce be felt; 
at this time, they became cold, as la ^hor- 
ripilatiOy but without the. anferine-likelkm ; 
their Ikin became clammy, the delirium in-r 
creafed, their lips and fkin, efpecially alpput 
the neck, face ^ arid extremitfes, together ' 
with their nails, acquired a livid colour." 

I r. Tke delirium returned and increa/ed j 
it was generally cbnftant in thofe whofe pulfe 
was fm'all and fubfiding. 
'Vol.. 11. C cc 12. Ths 
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! 12^ The^ inflammation' o£ the tunica con^ 
junfiha pr white of the eyes incjreafed; mucb> 
but without .pam« 

13. A yellownefs in the white of the eyes^ 
if it did not appear before in the febrile 
ftate, became now very obfervable, and that 
i<a:eritious-like colour was foon dlfFufed over 
the whole furface of the body, and was coiv- 
tinually acquiring a deeper . fafFron-like co- 
lour. In fome*indeed no yellownefs was ob- 
fervable, ^ excepting in the white of the eyes, 
until a little before death, when it increafed 
furprifiiigly quick, efpecially about the breaft 
and neck. 

14. There were many fmall fpecks^ not 
raifed above the fkin, which appeared very 
thick in the breaft and neck ; but lefs fo in 
the extremities, and were of a fcarlet, purple 
or livid colour. 

1 5. In women the menftrua flowed, and 
fometimes excefliively, tho' not at their regu- 
lar periods. 

, ^6. There was fuch a putrid diflblution 
of the blood in this Jiadium of the difeafe, 
that> befides the vomiting of blood former- 
ly mentioned> and the bloody urine foon ta 
be taken notice of, there were hamorrhagies^ 

from 
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from/the Bofe, mouth, ears, eycs^ andrfrom 
the parts which were bHftered with cantha^ 
rides.. ^ Nay, in the year 1739 or ly^.'jj there 
was one or two inftances. of . an hiemor* 
rfaage from : the ikin, • without any- apparent 
paDi3:ure' or lofe of any partof the:fcaif-^fltirif 

17. An obftinate cqftiijenefs continued lA 
ibme ;:; in others, the ftools were frequent 
ftlid loofe; in foihe;: they were black, li* 
quid, large and grOTtiy fatiguing j in others, 
when the .ftools wer^ oaoderate,. ^eyen thd' 
they were black, they gave gteat relief; in 
others again, theLftt)ols nearly refembted tai: 
in fmoothnefs, tenacity, < colour ^'and con^ 
iiftenee. . * c / 

18. The urine was difcharged in a large 
quantity, in proportion :t(^ the drihk retain- 
ed by tlie. patient : it Was pale if the patient 
was not yellow 5 but if ycUow, tKen it was 
of a deep faffron-colourij in either cafe, it had 
a fediment, or at leaft, a large cloud,^ which; 
remained at the bottom of the glafs 5 in 
fome, it was very turbid, in others, it • wa» 
bloodys -and thie quantity of blood difcharged 
with the urine bore always fome proportion to 
the ftate of the pulfe^v'^when that became 
^Uer, the quantity of blood ift the urine was 

dinxinifhed ; 
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Woody urine iljcroafed, ami even rcturafid af-i 
ter it ]^:;ceaied fomt days, fopn after - th«> 
pulfe became fmallcr. 

Tni^ftage of tliedifeafe contimied fotne^ 
times ^cvAa or eigbtdays before th<i patient 
died. 

IX.. When th\s Jiadium (VIIL) of the dif,. 
eafe terjninated inhealth^at was by ,a recefs or 
abatdtoent pf the voknking, haBmorrhagies^ 
^/iW«w?,"- iaquietude, jatSutidns, andideri- 
tious^like fufitifion.of the ikjn andiwhite df 
the. eyes k while, at the feme time, th^j 
pulfe became fuller, and the patient gained 
ftrength, which, ^fter t|ais difpafe, was very 
flowly. 

But when it temiinated in death, thofo 
(VIII.) fymptpms not only. continued, but 
fooner or later incrcafed in violence, and. were 
fucceedcd with the following, vv^htcbmay 
\ft termefj the tkirJ Jfidim qf the difeafe, 
which quickly ended in de^th. 

X. Th^ pulfe thpVfoft became exceeding- 
ly fmall and un'eqiigV> the extrepoities grew 
cold, clammy ^nd Uvifi i the^ face and Ups,*. 
in feme, were fluftied.;^^ in others^, they were 
pf a liyid <:olour ; |he livid fpecks ificreafed 

.. , . ... : ,. . ,,. .... ^^. 
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fcifiA, ; thirt; fin (^m^^ jHe ^bok brtiaft .1^ 
neck appeared livid ; the he^rt palpit^ed 

crcafed nuiich j ttie refpir^ti^ ^came ^fr 
fc^lt, With frjKlft^nt figbirtg;;; th? -{jftti^al 
8DW ,bec»m0 anidpus, ^9n4 ^trwiely rei^efe. ; 
the fweftt ^flJoyved from the fa?e, nteqk and 
brcaftr Weod. flowed.. fr^^^.th^^uHit^i, or 
nofe or ear9^ aftd in foQ>p> ffom uU^tfaafe 
ptfts at .once ; the d^ltfi^iiap , hecsrme difi 
ficult; the higcQUghf aad j2^//:ia of^tlm 
te&dbns can»b cm; an4i9f$fe;>f]:9qil^nt;: the 
patients tn^cA^yf'Mh tfitit S^gon^ 2ind j^§kB^ 
the li&aps of rth^ bedrcioaths >:>they grew.co^ 
iMtous, oVf 5yi?p:e..cpaihm;}y;/lc\liriaus; .^ 
this terrible /late, Jpme continuod ^ightj» tci^ 
or twelve hoiH-^i before they died^ even after 
they had been fo long ipocchlefs, and witJi*. 
out any perceptible pulfatiaa of the arteries 
in the wrifts^ whereajs, in all other acute 
difeafes, aftpr the pulfe in the wrUh ceafeSi,. 
death follows immediately. When the dif- 
cafe was wry acute, violent convulfions feize4 
the unhappjr patient, andquickly brought this 
Jiadium to its fatal end. After. death, the li- 
yid blotghes increafed faft, efpecially about 
^e fage^ breail^ and neck, and the putre- 

fadiipri 
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faSion began very early,' dr'rflBlifer increafed 
' very quickly. ' 

XL This ym the progf efs of this terrible 
diifeafe thro' its feveral Jia<iia. But in hot 
.weather, andt^ighen the fymptoms inthe ftrft 
ftSgd'Were very violent, it paffed tftro' thofe 
ftages, as Dr. Warren has lifccwiie obfervdd, 
With^Aich pfeGipitation, that thtrc was but 
littte* opportunity of diftinguifliing its difFe*- 
rt^ fladia ;-thp* whole tragedy having been 
firiifhed \n lefs than 48 hours. 
-^'XII. It was remarkdble,^ diat, i. The 
infedlion was increafed by warm and leffened 
by-cbld weather. ' 2. The fymptoms in- the 
itvtv^ Jiadia'^tvt moreorlefiS violent, ia6- 
cordiiiig to the heat or coolnefs of the wea- 
ther. ' In hot days, the fymptoms were not 
only more violent, but in thofe who feemed, 
in moderate weather, to be on.' the r^ecovery, 
or at lead: ih ho danger, the'fymptoms were 
all fo greatly heightened, when* the weather 
grew confiderably 'warmer, as frequently to' 
fcecome fatal. ' In cool days, the fymptoms 
Avere not only milder,' but many, who were' 
appiarently in great danger in hot days, were 
faved from the Very jaws of death by the 
weather becoming happily cooler. 3. The 
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difeafe was generally more fatal todaofewhq 
lay, in fmall chaml?ers riQtr conveniently fituw 
ated for the admiffion of freih air, to th^fe 
of; an athletic and full; habit, to ftra^gers 
who were natives of a cold climate, totbofc 
who had the greateft dread of it, and -to 
th^fci who,^ before the af^cjfe af the difeafe, 
bad overheated themfelves;by exercife inj the 
iTuti, , or: by exceffiver drinking of ftrong li- 
quors j either, qli wlljch; indeed fcemcd'to 
rendjer: the body more fufceptiblc of the in- 
fedion. I^aftljf,- the: difeafc proved moft 
certainly fatal tp valetudinarians, or to thofe 
who had . bpen ' weakcftfd- by any previous 
difeafe, \ . . ;. 

XIII. The prognqftics in the firft Jiadium 
are thefe, i* The more. acute and conftant 
the pains are intbe bead, loins, kn^s, @Vri 
the more the ieycs are inflamed 5 the greater 
their inability is! to bear light, and the more 
the face is flufhcd at the firft attack, tbe 
fever and all the fymptoms (VL) in the firft 
fiadium will be the more violent. 2. The 
more intenfe the fymptoms are in the firft 
ftate,: the foonjbr will the fever terminate. 
3. The fooner the difeafe runs thro' the firft 
Jfadium, the fliorter will be the duration of 

the 
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the fccond, * ^ e-cmfra 4. The fliorter A* 
duratbii is of the firfi, the greater and more 
tertain is the danger in the fecond AsAe. 
For when the fever terminated before the 
beginning of tbfe thitd day, death fcenaed 
inevitably to be the confequence, a^ there 
was then no poffibility of fupporting the 
pulfe, and as all the bad ' fymptoms were 
then hurried on with fuch precipitation, that 
the 'patient generally died before^ the :end of 
the fifth day, excepting a Coofiderabie cooU 
nefs of the wectther happily intervecned ; but 
on the contrary, it was' a favourable circum- 
flanicc when the fever was protradled to the 
end of the third day, without any remarkabld 
hardnefs or depreffion of the puke. 5. A 
great depfeffion of the puUe, abbut the ter- 
mination of the fever, is bad/ iince, from 
that circiimftaBce^ the. voraftings, inceflant 
jadations, the coldiiefs and iividnels of the 
extremities, haemorrhagics, Mrium^ &c. aria 
uftiered in with furprifing celerity. 6* The 
more the ftrength i^ projftrated from the 
firft attack, the greater is the danger. 7. 
A vomiting coming on early in the difeafe, 
and continuing -or incrcafing, is bad, 1 land 
generally prefagf s the l^/acJk ^mit. 8. A 

fediment 

Digitized by VjOOQ IC 



dar'tjf . ihe; difc^ft.'.lsnfea^, •a»fl,,thfi , . naqrc 
copmiuaiitheifefttaewti is, , . \\^ g|jeater^U;-jth^" 

. .-^XiV. TjI^ ;prQgn§i^ic$ in the, Wtyd ^^. • 
i^awai arJ^;Ahefe: .it.]A%,*ariy-yeUown^is ^ 
die .white cpfi ^hec.«ye%-j^-bad: w^^^n ifciS; 
obfervahU febcHittl^jjadfpf ,thje fsconi dajr,- 
m tMt^iix^tftaditfmi , ^tefe.fka^fpt g?pprilyjd|ca^ 
about jdM'begiftj^ing «^. .the ^ipucth. day ^ronx 
die ficft/figtiffiki (rf.xiHpir^eaf^.i ^t whpnj 
thevyellowocJIs .doe^ -i^tl^ti, appear tUL.the eiuJ^ 
of Ae tl^rd.daiTK-.^f jjiiie. „p?itier)t,-,dqes,. mt r.e^ 
(iover, ..'tKe'. djfefiie^i.fonai^tiixies oontinues ta 

bcfoit rthtf)f*WM]^i?«bjr: Wben.^the ,^y:eIlow-r 
ncffi d^ th^' (kift ^tij^y]?^ ,i^crjqafe»>faA and 
<K:qtiirffs..fooa ^ 4wp' i(^^ritious-^g ^olour^ 
the groateftdaogo^ ife.tpi ;l>€f appri^h^ded-. 
2. If thfr inflamm4^<)ft/>C tbe whiter of the 
eyes increafes, it isib»il;; ]^. T\\p,\mp^tc in- 
flamed and; bloojdy'-like thp Ikin isjwher^ it 
has been Wiflicred* the: Qtrntpx. k i^e> <^nger-f 
i^» If the Komitang coiMtnues or incfeaiies, it 
is' bad) faat the iU^ry&L'i;^;^^^/;!; i$ ge^^raflly 
mortaht^ \^. When tfaerpulfe v vkis freq4*ently 
in its fulbic&i beb^.:fometirties:rAi>4lW^^ 
Vol. IL D d d fuller 
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fuller, it fe bad* ' Bot there 'was Ic&.Jk^- 
pendence to 'be had on the pmlfe in this tha» 
is comnkm % 6ther -difisstfes ; for:-m ibmc: 
patients, in the fecond ftage of the diieafe,. 
e^n tvfthin a few hours of thdir death, 
thepuife, ^with.-rcf^a to its fbUnefe, foft- 
flefs, equality ahd frequency/ has continued 
Kke that of -one-in'-perfcfdt health, althoV 
from the other fymptomfe, the de^tb c^ the 
patient could be foretdld with great ccr- 
faitity. 6. The more the ftrerigth of the 
patient is reduced in-the firft, the. greater .i& 
the danger in the kcond j^aJium. 7. Great 
reftlefncfs, inquietude, an early ddiriuffi and 
a continuation- of it arte vtiy bad. - 8. Livid 
blotches about the neck and breaft, a livid- 
nefs of the lips arid iiaib, fluihiAg of the 
face, or k- livid colour thereof, are furc figns 
of the quick apprciach of death. 9. Fre- 
quent loofetlools,^ Wb^h give not any re- 
lief, are bad, and the Tooner they fponta- 
neoufly • hapj>en, tie 'greater is the danger : 
but thofe which are black, and contbue fo 
without any abatement of the fyinptoms, are 
generally mortal, ro. Blbody. urinfe and all 
hamerfhagies, exceptmg flight ones from 
the nole, are bad^ and; the more copious 

. they 
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they are, the greater is the [danger. But a 
£\ix of the menjesy tho' not at their regular 
period, if attended with :an abatement of the 
fymptoms, is a favourable circumflance, o- 
tkerwi£e it is bad. ij. A fuppreffion of 
urine, efpecially in thpfc, ^ho, in tbe^courfe 
of the difeafe, have had krgedifcharges that 
way, is a certain fign of the quick approach 
of death. 

XV. As to the prognofKcs in the third 
{X)Jladiumy it is fufficient to Cay 

" Nature, alas ! was now furpriz*d, 
" And all her forces feiz'd, 
" Before (he was how to refift advis'd *. 



^ Dr. Sfrai^i Account ^f the pla^ae of Athens,. 
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by EiKNBZER Gilchrist At D^ Pi^ 

ciafiat Dnmfries *; - 

- .'■ i ^ ■; 1 r: • • ■ . ' .• 

INOCULATION has been praftifecj h^t ft? 
boiit five aiid twenty years, twenlyl al- 
moft conftsntly. The fuccefs of it foon dp- 
mpnftrated the great advantage and neceflity 
of it, cfpeciaily in aplace long remarkable 
for bad frnall-po*. A letter I wrote two or 
three years ago to a Crentleman, who afked 
my opinion and advice for his children, was 
a means of introducing it into- a part .of ^hc 
country where it had never been tried. 
While many were difpofed to come into it, 
there were not wanting fome, as in all fuch 
cafes, to oppofe it 5 tho' in a pretty large 
trial of it, at the time, it had fucceeded to 
the jpy and fatisfadion of all who wiihed 
well to it. Ampngft other objedtipns, one was 
more pofitiyely infifted on ; which, indeed, 
were it as well founded as it is fpecipus, 

would 
f Fcbrustiy j. tjs^^ 
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fi^d^ pffcdual^ put to fllcBce . the ^roficft 
ifcl^vocatesfor iaocul and overturn aito* 

gcfchcr thVpra^cef. A pK^er. aiifwpr was 

m^ to: ^^ ? .v?^4 .P^^? , * (hpuld biive 

thoughtrpo' ippt9 o^^ it, l>5ui i not b?fi» M^ 

Jfor/ned fdtoeJtiroe^t^^ i>: a Society of 

jngeixious Gentlemen, .who fnade ipatters of 

thislkiad. the ^bp£X^.o( their diqbjitesan4')in^ 

Kjuky^the fapie^^tjjcaion was ; taken notice 

qfi .and fcemcd to make ^n impreffioii. 

P-ains were taken to undeceive thp-^alfa/. : > 

, The obje^ion^ to give ^t in the wprds of 

inyfriend'5 Letter, is -this ; . f' The iwsJJr 

f* pox, in the ordinary way,., is d^figjfted; fey 

^^ nature as a -drain to dear. ?hc conftitUftipti 

.V of fame grpfs humours, which, if! nat qarr 

M ried off in thii way, would bring on othqr 

V •dangerous diieafes . j and for moft par^t i^nd 
*^ in death, .before perfops^ar^-ivre^at middle 

V age. Nqw;^ £iy the^ OSjeftors,. tlje iiip- 
^« puration whwe the fsaaU-poxjs inoculated, 
** is fo ittcoafideraWe, that it. p^Rftt be fup- 
/^ pofed fufficient. to -clear thg-body of thofe 
^^. humours which are the parerit of i>thor 

V deftru(3:ive, diftempjef s. Befides, fay they, 
^MJiis theory is j\i(l:i[j5ed by fa6;s and; expi&- 
rf f rience. Uppn .siquiff y;, it is foiind, that 
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^^ in thofe ^places where inoculation has nioft 
*' prevailed, particularly in and abo^t Dum^ 
^^ frieiy there are as many that die in child- 
-"• hood, and before they arrive at the age of 
^^ twenty, as formerly, even including thofc 
^« who are cut off by the fmall-pox. If this 
•^ is the cafe, then inoculation is to no pur- 
" pofc." I fhali not trouble you with what 
occqrred to me in anfwer to this objection. 
I greatly fufpeft the foundnefs of the prin- 
ciple on which it is built, and have ventured 
to deny the truth of the faft. How trifling 
foever you may think the objedtion, yet, as 
there is great ftrefs laid upon it, and by pcr- 
fons of rank, I thought it might not be im- 
proper to apprife you pf it. Thus far my 
friend. v 

An objecftion fo plaufibly formed, and with 
-fuch particular application, feems to afFeA, 
moire than any thing I have feen advanced, 
at once inoculation itfelf, and indiredly all, 
who, from a ferious perfuafion of its ufefal- 
liefs, have (hewn themfelves induftrious to 
ipromoteit. To encourage and recommend 
^a prafticc more hurtful in its confequences, 
than the immediate good of it can be of fer- 
vipe, .Which could not escape the obfcrvation 
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o^ev^ry 0n^, fuppbfes want of atteBill<nr-a^, 
Ifaft^ or fomcthm^ wocfe.: :YetPotf6 touch' 
to bbyia^e a reflexion of this Jfcind, b€caufe> 
I believe undcfigped, but.folf a niori im-*; 
portam reafon, have I thcMightiifc-deinandcd; 
a public ainkna<Jvei?(ion. 

' In order to fatisfy myfelf fully and others^ ^ 
Ihave not triifted wholly to my own opinion ^ 
but convcrfcd with :all who have been long> 
and principally concerned : in inoculating^ 
thro' an extenfive country : ind wexan ^ 
firm that of fhejihoculated^ few are dead. 
Two or three cf a hundrid are the utm^flr 
we can reoolle^t r but fuppbfihg them merei 
kjisiar (hortof the liumberi that ifi ordinary^ 
circumftances die before twenty. Nor ^re^ 
wemiftaken, do we think, when We fay,'* 
that they are uncommonly healthy ; which: 
die fmall proportion that arc dead will rea-* 
dily. fuggeft to eVery one* It is ithpoffible td^ 
be Very exaft ; but it is fufficiently evident ' 
to us, that the ftatc of the inoculated is much^ 
the reverfe erf what is objeded^ If this i$; 
true', every wh^re, as here it certainly has 
been hitherto, vtip are led to a very material 
difcovery'; anxi that which was ihtended- 
as aa unanfwerable objedion, by giving oc- 

cafioiK 
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(fiwtril/ f4?fiifh€(l a new Atguttieifl in favfiQIp' 
d£:4m)clilatf^ si^ridra fU^tyiCpft)(:)f of' the* 
gircat beiiefir>of-lt. •• Lodg^Ufe ifts' f)i«*ri$^'ii 
ta be immedktdjriJar rtal '^^feifurifyagainftlhe 
prevailing malignity of a very mortal dif-^' 
temper ; and the prefent ittftaftceafforas i 
ftrong prcfumption that it is^ in it« conf^-^ 
qucrnceSy . na Ida a.^ prefer vktive ff ora maay; 
4ifcafcS incideat td a perkxi of life the^/mbfi. 
fatal to xnankhid* :\ ? . \j ' r'. 

.As. to. the. theory in tfaetobjcdtioni^ it ia* 
il&Soire philofopUdal perhkps :to t:^ argue thus i 
The fevtr of the fmall-pdx^ commsm^ 
ca^ed in the ii&fant*fkte^ jiG^^only deftroya 
or expdk the latent feeds tof difeafcs, bt&fare 
they ar^, by Jimc,ahd accidents, pcrfldedandr 
pot into adtion, imt caufos iuch an altera^ 
tipn of. thle hAimours as may make jfchem. 
le& fufceptible tS any morbid* imprei&ons : 
and the veiTek being fo foon acdaftomedi,/be^^ 
fore' they become rigid^ to cerfiin motion^^iaiidb 
Cfxtenfions, the body is rciidefed. evcfjafr^i^ 
more paffive to the impulfes of any fubfe- 
quent diftemper; which therefore will be 
sfttended with left dangeW This is agree- 
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oi: an J acute ^iDefslv iwillfaear fickn^i^bottev; 
thto. another j9sdbiicjicTkc:Hi3d: ibfl \ite''^$^ 
tmipGt^'Vind he IcffooBfaworae by^ift*. : -! I ,- :( i 
. Fiow fittrh rtadHnipgiitwHl IfeQOri tq fiilri 

fofflftoA J*ci^/fafc^*;.llbgtrgrcater/i*ilk Wp^hf^ 
advantage. I caaboT/affibtv thatotx^i'jh^fe'i* 
owing the more than ordinary hcalthfulnefs 
of the inoculated with us, and that fo fev^ 
of them are dead : but if nothing forbid, 
I always advife it, the child yet unwean- 
ed ', and with me it has always happily and 
pleafantly fuccecded. Though many, have 
bieen inoculated before the fixth month, I 
chufe to delay it till this time, or any conve- 
nient time after, unlefs the fubjecft is big and 
ftrong. Then, befides the greater pli- 
ancy, or kindly yielding of the folids, the 
blood has not, from the ufe of animal 
food, acquired an inflammatory difpofition, 
and the humours a vicious taint. The 
firft paflages are not, as at a more advan- 
ced age, difordered by worms or other foul- 
nefles, A formal preparation, the juices be- 
ing all fweet and found, is very little ne- 
ceflary : and the continual dread and dan- 
VoL. 11. E e c ger 
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ger of tbe natural infe&ion is early removed f 
a flatter, in this cafe, both for parents and 
children^ not Icaft to be confidered. Tecth- 
ing, I know, is made the great objedion 
here ; but from this I have met with fo 
little difficulty, that I make no fcruple^ ex^ 
cept in a few circumftances, which may be 
eafily difcovered and avoided. 



Art, 
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Art. XXXL 

A Propofal of a new Method of curing oh^ 
ftruBed Menfes; by Dr. Archibald 
Hamilton Phyjicianin Edinburgh*. . 

IN a converfation I had fometime ago with 
my friend Dr. Hunter^ now Phyfician 
in Beverley^ concerning the cure of fome 
particular difeafes, I remember he propofed 
a method of removing obftruftions of the 
mnftrua by a mechanical compreifion of the 
/external iliacs. I thought, from the anato** 
mical ftruifture of the parts, the propofal 
pretty reafonable in fome cafes ; and refol- 
ded to put it into pradiice, the firft favour-*- 
ablecafe that occurred to me. About fix 
months ago, I was fent for to vifit a girl be- 
twixt nineteen and twenty years of age, who 
had been obftrudled for near feven months, 
cccafioned by fuddenly expofing herfelf to 
cold, during the time (he was menftruating. 
From the firft appearance of her catamenia^ 
Xo the time of their ftoppage, (he had enjoyed 

a 

* May 1. 1755. 
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a very good ftate of health. She had con- 
fultcd no regular praftitioncr ; but had ta- 
ken a few things, -without any relief, that 
fome of her female acquaintance had defired 
hen Her cocnplexion was a little pale and 
wan. Her appetite and <Hgeftion bad, witl* 
crudations, and fometimcs fwelKng of her 
ilomach. She had now and then fickifh 
and fqueamifli fits, with inclination to vo- 
|ttit. Her pulfe was How dnd languid, with 
a great laffitude and inadiivity of body, not 
having a defire to take her ufual exercife. 
Oft inquiry, I found flie never httd -any-pul- 
ipionic diforder, nor at prefeflt any complaint 
or uneafinefe of her breaft. She had a!fo ndi 
pain or fwelling about the ptidenda. It-now 
wanted about twelve days of the ufual time 
of the approach of her menfes. I defired her 
to receive the fteam of warm water, every 
night at bed-timei upon the fudenduy in or- 
der to relax thefe parts, fo that the biood 
might more pafily ^flow that way. I order- 
ed her alfo ten days after, an aloetic purga- 
tive, to clean the prima via^ that the blood 
might find left refiftance in its courfc 
when determined.to the uterus. Next day, 
after fhe had taken the purge, I went and 

fav? 
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few her, and foradi it ;had operated fiwir 
timbs/ 'About fevcajo'cibticvthat evenmg, 
I ap^plied a coniprtfrs and bandage to the:crur 
ral artenes, at the fame pkcse' where they 
put the ttfurhigaet nn ampliations of th^ 
thigh, but not Co (ightas to ^j^ariger a mor- 
tification of ithe ? inferior extremities. At the 
fame time, I defired her tojGit ahg^e the fteam 
^f warm water- J intended tp have ftaid 
with her, to obferve the gradual effects of 
ihe bandage ; but unluckily was fent for in 
a hurry to fee another patient. I left Sirlik 
orders, with a woman who was with her, 
to untie the bandage, in gaffe Ihe complained 
of any difficulty of breathing., On my return, 
about twenty minutes after, I found her in 
the fame fit nation I left her in. Her pulfc 
indeed beat about fix flrokes in the minute 
fafler than before the application of the ban- 
dage. At the expiration of half an hour, fhc 
began to feel a fenfe of weight and fuUnefs in 
the uterine region, and turned fickifh. A5 
her head and breafl continued pretty eafy, I 
begged of her to allow the bandage f to con- 
tinue fomewhat longer, and gave her a fpoon- 
ful of a cordial-julep. An hour and a half 
after the firfl application of the bandage, we 
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found a vifiblc appearance of the return of 
her tnenfeSj by applying a piece of foft. clean 
•iineq to the parts, which, when removed, 
was ftained in feveral places. I flacked the 
bandage, as her legs were fomewhat be- 
numb'd) but was unwilling to remove it alto- 
gether till the difcharge fliould continue to 
^ow for fometime. I put her to bed ; and, 
on my return next morning, found her ftiU 
menftruating and eafy. I now removed the 
rollers. The tnenfes continued to flow for 
three days, and returned regularly next pe- * 
riod. Since that time, I underfland fhe has 
been very healthy. 



Art. 
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Art- XXXII. : 
ji DrGpfy unexpeSkdlyxuredi by ThoMA^: 
Livingston Phyfician at Aberdeen *- 

AS thofc who are much conyerfant in the 
praiSiceof phyfic and furgery, may 
be frequently difappointed in their favour- 
ahle prpgnoilics, fo they may Sometimes be 
agreeably furpirifed with the unexpedled re- 
covery, of patients, ' whofe .fymptoms they 
had pronounced mortal ; an inftance of 
which» I prefume^ will pUbiy appear in the 
hiftbry of the following cafe. . 

Robert Duncan, aged about 20 years, 
3. labouring fervant in the country, was 
brought to the. Infirmary of Aberdeen June 
19, 1753. He was fo weak, that he could 
give no account of the origin or progrefs of 
his .difcafej but thofe who attended him 
from the country informed me, that during 
the preceeding winter he had been much ex* 
pofed to cold, after which his belly and lower 
extremities began to fwell ; he contracted an 
intenfe thirft, with a paucity of urine ; loft 

his 

• February 6, 1755. 
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his ftrength and appetites and the above 
. fymptoms continued to increafei without any 
means being trieid for his recovery. He was 
sfidmitted into the Infirmary, not with ahj^ 
profpeft of relieving his complaints ; bud as 
he was deflitute, and wanted the common 
flecetfaries «)f' life, he w« ordiertd a pl*:e 
on purpoie to let him die in peace« He £ad 
a very large^it^i,'With ^wwafTiamzfarofi 
particukrty df - his thighs * and kgs« vf bids 
feenied rea^:to d^iirfl^ mid.' gangteBoua^like 
yefidles appeared upon, feveral parts b£ hh degs 
ind ftct, ' i UiBjcrotuf^^ was diftcaded tp (bcU 
ftn 6normpa^ ;£^, that I oouid haxxliy^:2rc 
firft diftinguifhthe jP^^iiy^ and'theabeA^ 
i^mptotofe #erfe aitende* With a^^^«4r^-and . 
fuch a defeft of wj vifa\ that- 1 couki not 
difcQvcr a pulfatk)© in any 6f the- arCt^tosi 
and was only fenfible of a frenwlous Cort of 
tiiption about his heart;' Ih- this diftiial fi- 
tuation'I gave him over to the care of a 
nUrfe, ordered him a Gttlc iv^farm wine and 
Water, and expetfted to hear of hts death 
next morning ; but I was dJfappointed; • 
] J^^ ^o* Hrs Gountenapce appeared ra- 
ther more lively, he fpolce- a litde with great 
difficulty, and I could difcover a very languid 

. '^^ • • putfation 
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palf^tiorf af his wrifts 5 Llhiped t he veficl cs 
on his feet' lind tegs/ ^dmkde feveoal&mfl 
punaures with a cdramftfip lancet, iihco-^ the 

moft depending paits^df^ttte 7Z^re?/ii« V '*bw?* 
was a'confiderabfe difchafge of alifoiady-co* 
loured y^«/w fr^om the wficles 5 butthediA 
charge from the punftwes M the/irrfft«* was 
clear and petlucid. I ordered warm M^9 
wrung O0t of a hot aromatic deco<!li6iv, -td 
be alternately appUc^to hisj^w/i^/»ihd i^gs> 
and he got a large Ipoonfbl oiihtjukp. Hiu^ 
retic.P^armacopV Pa6pl fevery two- horn; 
with wine and water for his ordinary drink. 
, „ n ■■ 21. THERy was a cbnftderaBle 
quantity of water diicharged by theipun<aui*S 
in fcrota^ the fize of wTtich was fenffbly lef-* 
fened 5 but there Caftiie^ irtbthm^ 
veficles oh his legs andfeet/ 1 made feve^ 
ral fmall pithaures into the fcalfs of his legs^ 
and continued the^/^si; Wtid julep j his a-* 

ther fymptonis much as y^fterdajr. * 

22. There was an incredible duan-* 

tityof water evacuated from the punOiutes 
in his- legs' aiid fcriaum'-y !ie had- -ftibrH 
ftreng^h, '^^e. 'more diftlnaty, ' and liii 
breathing eafier.. OrdeY^'d Kis ■cjicificiiiestd 
he cohtined'its' above. '-'•'•' ^'*' "' •^' 
Voii^II. Fff --^23. The 
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' ' ' 2j, The difcharge from the pon^' 

^res continued as yefterday, the fweliing 
of his trunk and esxtremities was confiderably 
diniiniflied, his .breathing eafier, andpulfe 
more difl:in(5t i he had feme appetite : the 
iame medicines were; continued. 
i From the 2 3 d. .to the 26thy the difcharge 
continued; but. turned daily lefs^ and on 
the ^?7th jWas intirely flopped y lAs head, 
tbara:^^ armSy fcrofumr thighs and legs, quite 
free of fweliing; but h^ belly ftill confider- 
ably djftcnded, tho* not near fo large as Vfhen 
he w^s admitted* ^ He* was reduced ; to the 
loweft ebb of weajcnefs, and had a^. light 
aourifbing. reftoratiYe diet ordered him; 
/ FROAe June zj. tB^JuIy 4. there was no 
very fenfible change on the fizc of his belly ; 
he ufed the cerevifia diuretica of the Pbarma^ 
cop. Paup. was daily growing, ftronger, and 
took fmall dofesof jhubvb znApuJv. fcillitic. 
at fuch intervals as. his. ftomach could bea^ 
them. * ; / :: . . 

^ ^Fr5>M; Jtdy 4. to ^uiy ^o. he cojotinued the 
ufpxjf t^e cerevifiadturetica^ and took three of 
the filuL mercur. iaocjant. every, other night; 
thefc gave liim two or three loofe watery 
ftools in the morning, wjjich he bore, very 
- . ^ - well L 
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well ; and from the time he began to ufe 
them, he paffed his urine in much greater 
quantity than formerly, 

"July 25. He was difmiffed the Infirmary 
quite cured, and continued ftrong and heafc 
thy, on the 23d oiOSiober 1754, when this 
was wrote. 



AltTt 
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Art. ^%m. 

•»•••*•••■ t *"\ • ' ' - . 

^Jkry:9f:4rPfi^jtpf offered ^ftb F^rhdic 
N^britif Com)ulJim:\ by CORjawELi, 
Tathwfll M. D. Pbyfician. <it 5t*ppt^ 
ford*. " 

A Fair healthy looking girl, of a full 
habit of body, aged 17, about the be«p 
ginning of laft July^ without any warning, 
fell into violent and general convulfions, and 
a ftirong dilirium, which lafted about &y^ 
hours, then ended in flecp, and left a giddi- 
pefs behind them for fome time. As foon as 
the fit was off, fhe was blooded and bliftered 
by her Apothecary, and feemed to have got 
well. In ^bout three weeks after, a diarrbcea 
came on, and fhf complained a little of a 
a flight pain in her back and bowels 3 and 
in a month from, the firft feizure, being a 
few days bpfori? the full moon, (he had a 
fecond fit about as long as thp former, 
which ende4 in the fame manner. Soon 
pfter this fit, her tongue was of a duflcy 
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colour, her pv^lfc quick, ai^d Jver uriM pak 
ftnd fpiall ia qoa^nti^ .Tbe blooding wa» 
repeated^ a fcetid phufter applied to the abdor 
dofHeUy and a; few llools procure^ bypiljs of 
ib^p apd aloes } after ^hioh there f^pear ed 

a white fcdiment in the urine. 

• Hal^ an ouncje.ofi valerian w;0s g^vdown 
in jTalitic dpaughts every day ; In a Week, a * 
feton was put into her neck, and the week 
lifter (he began to ^o in^o^tj^e cold bath 
every morning. Some .bark %M fitters, wi^h 
fi light chalyb^at^ water, we^e.^dd^d tptH^ 
valerian, and. thQ; opening ,^^ were •iafe4 
QccafioBfally. - - 

Aboot the latter end of Auguft^ after fcr 
VersLl {lools<» ajgiddinefs and^ fleepinefsr caine 
on with a flight delhiuHH but without anj 
convulfions. . ; / 

Wh^n (he was waked ojit of this fleepi 
(he complained; greatly rof a pain in herJfto^ 
mach and back.; which neither Y. S. dw 
femicupium^ nor tivBura thebaka^ would re-? * 
Jieve for any long time* The next day, on . 
repeating the femicupium^ fhe vomited, ancj * 
then firft complained of. a dyjuryi \ now 
gave her fome. pills of foap znd fai martts\ 
Qi> th? evening after, the pain returning in 
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her back and os pubtSy flie was again put 
into the femtcupiumy and afterwards voided 
a Gonfiderable quantity of pale urine, which 
at firft fe.emed to contain fome rags, but foon 
hung with a white cloud, and let fall a whit- 
ifti powder. The pain going off next day, 
the urine was more faturated, »nd as the 
jemicupium foon. made her faint and fick, it 
was omitted. 

All this while the catamenia^ which had 
firft appeared about two years before, were 
entirely regular, and generally came on at 
their ufual period about a week after each 
fit. She now continued the ufc of the pills, 
with German Spaw^water and the cold bath. 
The ftten was dried up about the end of 
September ^ and fhe had only a flight return 
of pain in November ^ which was carried off 
by fomenting the abdomen. I recommended 
lime-water with her pills ; but (he has con- 
tinued pcrfedlly well ever fincc^^ without 
taking any thing. 

I . Were not thefe a kind of periodical 
nephritic convul/ions? I have known ne- 
phritic fymptoms particularly troublefome 
to other female patients about the time of 

menftruation ; 
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tnenftruation ; jwhich feems to be owing 
to the gtejter tijrgefccnce. of the neigh:* 
bouring parts of the uterus at that period, 
by which' the arinjtry voffels .become at the 
fame time fulleri and more ftraitened* ^ 

2, It is remarkable thefe coiivulfions 
were fcarce aopOmpawed Witht any fymptom 
of the nephritic kind till the pain and dyfury 
plainly appeared fo, after the third fit, 
which the intermediate means feem to have 
contributed to make much llighter than the 
two former- 

This will lead us, efpccially in nervous 
cafes, which are often found to be fym- 
pathic, to be more particularly attentive to, 
even, the fmaller fymptoms, which are 
fometimes a better clue to guide us to the 
origin of the diforder, than thofe violent ac- 
cidents that are more apt to engrofs our at- 
tention. 

8. The diarrhcea preceeding the fits, was 
probably only an efFeft of the irritation of 
the urinary paflages by confent of parts : 
fince the keeping of her open afterwards 
feemed of fervice, inftead of bringing on a 
Felapfe. Whence I (hall only beg leave to 
obferve, how neceffary it is in pradice to 

diftinguifb 
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|liftH^ui& f^mptoms that only precede 6^ 
thers from thofe that produce others: in 
ihort^ of what coafequence k is not to raif^ 
takeduutforacaufe which is only prior in 
point of time ; e^ecially as this^ I fear, is 
too. common a cafe, and often requires our 
ntmoft care, in obierving tbe juvantia and 
ladentia, to avoid it. 



Art. 
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APeficate yoking woman (who, for two 
years before flie was married, hdcl, 
from a fright, been fubjedt, at *tim'es,""to* a 
kin(^ of hyfteric epjlepfy^ efpeci^lly at the 
approacli of the cat amenta) about iour days 
after .being fafely delivered of her firf| child^ 
had ;a'pilk-fever, Vhlch came op attended 
with ianj^uon <;atchings and reftlefsnejfe. She 
was'barefuUy treated with mild diaphoretic 
and antiipamodic remedies both internally 
and externally, A miliary eruption came out 
upon her arms 3 the lochia flowed regularly, 
and the belly was kept moderately open : 
yet fhe got no refi, wasdelirbus, her tongue 
dry and black, and her pulfe quick and 
fmall. A blifler wa5 applied over her head, 
which, without any pain or flrangury, pro- 
duced a very large difcharge. The next 
day, t?eing the ninth from the^beginning of 
Vol. II. Ggg the 

'* May I. 1755. 
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the fever, (be got fome fleep, and became 
more feniible. A gentle perfpiration was 
promoted by fp. mindereri in diluents, and 
hot bricks applied occafionally to her feet. 
The pulfe was mo^e q^uict and regular, the 
tongue moifter, and a white cloud Tabi^ded in 
the urine. .On the i2th day, thdGe flatter- 
ing . fyoiptoms vanifhed-^the delirium fme 
higher' than ever : (he was perpetuallyco- 
xrutous or .convulfedj .t)reathdd with difE-? 
eulty; often rqbbed her hands togetlier, 
and pioJicd the bed-cloaths 5 and the . pulfe 
pould fcarce be felt.. A ftimulant clyfter 
was not retained,, veficatpfles would hpt rife 
upon her, yet flie was excoriated widi in- 
voluntary urine. In this deplorable extre- 
mity, finapifms raifed a blifter on her ffet, 
and a large flu^f w^ promoted from them 
by an emollient cataplaijm, to which un^u^nt. 
nd veficator. was added pro re natd. 

As no medicine could be got down by the 
mouth, puh, cort^ Peruv. unc. fs. in decoB, 
capit. papav. alh. unc^ vi. was thrown up by 
way of clyfter, and repeated twice the next 
day with fix drams each. Thefe three, 
containing m all two ounces of bark, were 
retained for a week ; in which time the bad 

fymptq^^s 
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fymptoms went off by degrees, and flic took 
freely of both whey and other nouriftiment. 
Her feet ftiU/coKtiJilied'ruiimng, and were 
dreffed with unguent, alb. Three more of 
the clyfters with Jcmpf^ 'Vi. each were given 
in as many days. She now refled well^ and 
her pulfe was become regular, was much 
cm&ciated, and fo weaki (he could fcarcebe 
raifed without bringing 011 fopie hyftcric 
fymptoms. By degrees fl:ie began to recover 
her ftrcngth : the clyfters were: fpj)cated 
now and then, increafitig the quantity of 
bark in each to »w. i/ Her. appetite re* 
turned : in a fortaiight Ihe <o^\A bo got 
out of bed : iii another week, inftead of the 
clyfters, ftie took extr. cort..Per&v. frrup. Mr 
twice-a-day,* occafionally interpofing fonac 
rhubarb ; in about ten days more ftie was 
got pretty well. The next month ftie had 
a flight fit of the kind flie had been ufed 
to before marriage 5 but, by the hblp of fome 
volatile fetid tinAure in bitter wiae>< flie got 
rid oftheie, and has continued free from 
them ever iince, tho'. flie has had feveral 
more children* 

Art, 
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Art. XXXV, 

Hifieryof a Fever mfb bad Symf^oms-, iy 
tbeCiSitht'^i 

AMiddle-agcdl ihan/ generally employe 
editi a malt-kiln^ about the latte? 
fend of Jttlj^. if 4^y fometkne after ha^ng 
jfatigiifeiJ Mirtftlfi and got into: a quarrel ift 
a crowd tt a public diverfion, was feked 
\^itha fever 5 in the beginning of which> 
he wad blooded, then had a vomit, ati4 af^ 
terw^rds a * great variety of diaphoretic me^ 
dicines were tried with him. -He. was kept 
fwcating, and feveral crops of eruptions fuc^ 
cecded each other, without any relief, Bli- 
fters-wwe applied in ieveral places, yet ftiii 
a delirium and vigiUa continued. Mu(k, 
and eten the bark itf • fubftihce, was given 
him ; btat all without any effeA for above 
fe month. The Apothecary who attended, 
k^im in the mean time oflien urged the neccf- 
fity of further advice 5 but his friends would 
not confent to it, till, at laft, I was called in. 

• May I,. 1755, 
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1 found him in continual tremors and ftdful^ 
tus tendinum ; his pulfe W4& fmali and obML 
fcure, his tongue foul and duiky ; and his 
urine had only a flight cloud in it.: His eyt's 
were fo dim, he could fcarce diftinguifh the 
perfons about hith ; and it was very difficult 
to make him hear, efpecially on the right 
fide. He wasreftkfej latiguid^ and flcliA 
riotls; often gcoanod afid fighedi and wasftili 
bathed in a perpetual fweat: Soqi^ fed fpofk 
appeared upon his breaft, and many purpl<^ 
and livid ones on his back* -. ! _I 

As he had been coftive fot.fcane days, fifcft 
a ftool or two was pmcurcd l^gra warmctyi' 
ft^r, ftime antimoniak drops (whtt:h I \!txn 
often experienced to defcrve very juftly the 
encomiums Dr. Huxbam * has beftowed upon 
them as an excellent deobftruent) were given 
now and then in red wine. Elixir of vitriol 
and volatile tindture of bark were admini- 
ftred, firft in faline draughts, and afterwards 
id tindure of rofes. Within three days, his 
fweats were gradually checked, the red pa- 
pula came to a kindly fuppuration, the livid 
fpots difappeared, the tremors, fubfultus^ and 
delirium went off. An abfcefs (which I had 

foretold 

* Obf. de aere, vol. i. p. 141. 
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foretold from the particular deafnefs on tha{ 
fide) broke in his right ear, and, together 
with a blifter behind it, was kept conftantly 
running. In a day or two more, all the bad 
fymptoms were vaniflied 5 ' his pulfe grew 
fuller and ftronger,' a good fcdiment appeared 
in his urine, and his tongue regained its nar 
tural colour. The volatile tindlure was foon 
changed for a much larger proportion of the 
fimpletin£ture ofbark. In a week, notbn-^ 
ly his ienfes returned, but an appetite ; and 
he began to recover his ftrength- A ftrong 
deco£tion of bark was added to the laft men- 
tioned tindlure, by which, with a few dofes 
of rhubarb interpofcd occafioiially, the cure 
was compleated. 



Art. 
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i:.- -> : Art. XXXVL 

jiccomts t^ei^rAortiinary Motitmi of the Wa^* ^ 
, ters in feveral Places of ^ovthl^ntzmy and' 
:'of a Shock (ff- dn Earfhqtiiike fek at Dnxi-^ 
'.. ..faarton. * v ^ ^ 

cN E grett defign of the inftitution of 
'^ this Society being faitbfoUy to record 
every remarkablV^lvjfWfw^^ iri -nature that 
occurs,' it has been thought proper to infert 
thcCoypwing apcoujaJts of th^ efFc^ls of Aer 
lateearthquakes^ as they have been obferved 
m our diftri(5l of North Britain ; nor do wc 
regrete, that they are not more .fipgular or 
interefting in , their kind. When all the 
fa^s and circumftances (hall be coliedlcd 
by the united labours of the learned in dif- 
ferent places, there is reafon to expedt, they 
m^y furnilh materials for a more compleat 
and accurate hiftory, than hath been tranfr 
mitted of any like event that ever happened^ 
in any preceeding age of the vvorld. 

That a tremor, which is hardly to bef?lt 
gt land, or which may altogether efcape 

notice 
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notice there,' may be very perceptible on 
the waters, will eafily be believed ; nor is 
it more incredible, that ^, finall concuffion 
given to a great body of water will produce 
a 'v^ry retjjarkablc agitatipn in the rmtQ^ 
cr^^ks and fliaUow. And jt k oKwvdtile, 
that theie commotions were, oaoft violent in 
the deepeft lakes, particularly in Lcob'tmfs ; 
the extraordinary depth of which hath been 
fp^ptimes jaflSgoed .%s a feaffon for itsjo^vcf 
fre^^dng,^ tkp^ f?Y0reft wiJitecfl not being W^ 
to reduce ittq the cotdnefs of ice, i . j 

.. ■ - , .. " i, , .""jk 

I. Letter from Mr. Robert Gardinpr fow^, 
mijfary to the Army /« North Britain to Dr^ 
- John- S^tevenson Fhyjiciahin Edinburgh,* 
'^giving an Account of the Agitation bj the 
♦ Water 5^ of Loch-nefs on' the ijl of Novem- 
ber 1755, ivhen the City of Lifbon was de^ 
firoyed by an Earthquake. 



<c 



S/i?, * Edinbvrgh, December izi 1755. 

T have your favour of the 20th, and, in 
compliance with your requeft, I give 
" you the following reply to your queries. — 
*^ I arrived at Yort'-Aiiguftus from Fort- 

«^ William 
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" thofiiirig viKHii t^r I ^iked atji^dadr'V^beH 

*^i^^§^u«tififkdlHd-<'tlk|th«3r btd.f««A \ 
" Tfefy «x€ra(W(flrta*^ agf«ifiort irt- (fhi ^fti'^ 
«* of:L6(».f}^, I reftifCd gii'lttg eredJ* W tlKtti? 
*' ftoryi ^rfd ft Kt«J& aflWWaf^s «lu*ii8d 'ttJ 

*f dt tliatftdce ma^ aftdtfe^aidtediACy tb^t 
*' d i^»6f« '63^tfatordkiaty'^^flekiti thaft the 
« f^fijctlridlidpp<?nfti§,- d(Ad.fb«5r af jJf«il«todi 
V ed {bine aaftfg6r trf dtfr bifiWePJ'r Which i* 
<* firoAtdd^whefre t!hd ii^€fOitb'iW^tif§e9i(' 
" feirinto'the fakfc. f Walked tkn-ie tlisit 
<' pkee ; btit before trff «^Hval, th« Wif«t had 
**^ returned fa 'tis tifiiri thsiftnel. 1 ftW ^<ry 
" clearly the marks on the banks, 16 whkh 
** it bid flowed* Ttttt feahks iveii ^^tt4 Wet, 
" atid A ftt\p of UuiftH dF trfecs slftd twigs j 
" &c. left on ^hem. I ♦inquired th^ into 
•«thra afFair^ and th«i acdoatlt thd fpeaa" 
*' tors gave, We^« $ 5'hdt they dbfcrtfed 
«the riyer Oicff 4*llich >0H« ftona weft 
« irifo ihc hold <if i!he like, iwell ytff 
" mttehi iftd^jJoW*-^ 4ibc tlwr Irom the 
Vot.ll. Hhh 'Make 
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5f 3^fect..;h^ghcf . thanitlje. oriJijisi^ifiwfiKre, 
^';.Wtffct*jipj»^ ^Wck , motion agw^ the • 
V W»0^9: ^d a^r^pid^ftream aboot 200 ^yajrds 

*^:iwft^:fli$^d about 3 or 4 feet open the 
?^bftBk$,j]n t^e iii^-fidle of ^he.^iver,. and 
" returned again gently to the lake : . That 
*A k-iiJO«li»iifi* cfebii^ ^nd flo^jring in that 
«^^annef,..ifor/aboptai»;hpur, wi^I^cmA any 
i' \vavea fo,rt^aiat:k^bl6:j»s,t]t^ fir^, ijiU about 
iidtetSft|^HC^l?,F.whfn,:a waRe^^jb^B^]^^ 
•5afty X)f the reftjcaRie^ upthcjivft,!. andy 
" to thc.gfei^ furpriz^ of .^l tljc fpei^^torsy 
?^brobe^wtth. fo ipqch ibrce^^.on: theylqw 
?* ground; ofi the n^rtji^fide^^^c^^ ^etiverv as 
« t<> ruQ ppon .thftgwfe. 39. %t from the tin 
^^ATfir^ fe?nk./ ' .f.^ . \;^„ . ._;- .,♦. ;. .. 
, '\^ hf^^Ti^^A^T i^^^: of f the. artillery^ 
?* Mfii Q^ fur^tpf tQap$^in.(j^«;of the Locb^ 
^ nifsr^\\^% Mx.\^^umjden Parrack-fniafter 
^MFcrtr.j4uguJ^fjj^l>^:j^^^ B^rr^ck-ma- 
«< Jbcf:ifi j^/^r<?, ; ^ homos. Rgbertfon Brewec 
ifat ForfiiA^gufius^/^()L George Bayne my 
^' Cletk,.'.an4ftv$:r4.<>^h?^, ,^ere th? fpefta- 
!*iiors:.;cf ithis :^ietraordinaryr^^^wwf«eff^ 
r; ^ .* ii T i" fonae 
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"fouth-weft to north-caft*. THiwPVas 
«■ iio «k»S6rdiAai-y' fattiildiijdlk In'^tlfe waUr, 
« th^' it'-m hot ^Jipiife&r -quitiP fe- -icJcar- as 
*« tifttfeU'' ^Thtf nSiorf]9ii^V^'C(^<J^ff ■gl<5aiinyi 

«««he- ftdr<]hiifide<'<J^Qhe'''i%nfr- aa€ W'flie 

f ibuth*«^Bftv ^and-' aifdWB^* ' 1<f8IP%ift?4He 
c't Ikm^:^"^ mmm^ -iiks ^Sb^iRftSi to 
-« be qvfile^ftgtea at-'ffife ?ftiiie 'ttnife^^tin^ 
f^tasLnticT-^as i&ib dh&l "Hat tH^f e* yi^^^no 
f* {hakmf bt/^i?OTer itiifrtpfoh'the'^ao3: -- " 

: DaV-ii!^ Ross,' JI^ ^eripD'eftke^ thk 

Shire of BmS^'Aamof^mng,^- ibe:'^Mdtioh 

jf theWfitcrs g^Lod»nefSji; November li. 

1755'- ■ -■■ -^ ---^ -'^ ''".'•• "- " " 

... ,■ .-';.•.. • .8-. : V.' - ■ •■ ' ■/ ■■- ■ '' 

S 1 R, ' FpRT-AnjsusTW^, Janofry i^. \i^^, 

"'T;H^\re been "here/eight days, and, by 
"* tlie ftriiflcft inquiries; W^' at' ia{^ 

-•':•'' ■ •^^•'•- - ^;^' - '^^ ^''«'pii;Ked 

t It lies between the 57th and 58th deg. of northern latitude. 
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" haps the whole ipay \tf(.<^ Mft-m^ 



'>B9f^T h#.ao hmv ^w-^MtiJii*^ 

rjafii? HP. the riv<y:!p/|7j^,:Myhic^.gBn%iBtQ 
f.jJl^e.l^ n^^^Jv^iiSwfrfj it liafted by the 

'•:4»^ :V aFPearffl^Cfe m&^M firA it 
*' was ci^jfoa hy^a gfm.QWl>sr..©jf jfem 
"rufhing /up .thc.jLpcJi, Th^fo wasljw? 
?• fhockof any fort felt on ihore, and the 
»' air w<|? remarkably clear, and. a. very mild 
f«d^, the wind theji heing wpfterly (an4 
r pf CPurfe a|ainftthaftreaiB.) 
. ♦< I CQuld get nQacc6uot<}f any pprfon's 
« bfipg in a boat op the Loch at thg jime ; 
♦* but what follows has an gir of truth, bc- 
f^caqfe the relater is re<;kpne(J an boncf^ 
^* pan and pf great veracity ; anti bcfidcs, 
f^J^^f? tg14 the fame circumftances frequent- 
..'.:'.,..■■''.-••-.•. . . . 'f ly 

"-.'**''' '■ . • • ^ 
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f IfY^i.eAL AN© LITEillARY. 4*} 

V.lx !?i?fore;he C9ul4 fi»fp^th»t this sxIfsu. 
<J? ppj^mary pfupifo^i^fpp'^guld be the Aibj^^ 

«' of a ferk>»j> inquiry .i 
** He went with a boat for wood, from 

«f ,G^*«wr//^:tO:fbp Ol4Q^erfifA H^ Qfr.tljf 
''..(^^Qte fidp.f'.j^u^, abput thfS'tlnae ^bovc* 
« mcptroi>ed, hi? boat bejng.nwr lostded, as 

VlI^P ?*?^ -«r6?^»ft'o ^^ '^^1°^ ^^ hill, he 
** obferved a fudden and -violent way^ ^o- 
*• ming, which drove her feveral yards on 
".-ijtp .bpa(^> and roturning, drew her. back 
** UiV^thf ILiQch) ^ r^con^ iiv^ virith r^er 
'{Wpfp ylPl^nmt jietj f>re«y p«r the fame? 
^/;ef§<a J athjfdpam^wi^h $1 tfuiCh mQtc 
Vcg^tFwr^in-^ry rflpidiiy thm tllhcr of the 
f* l^rmcr, »p4^wi^ more fgr^ifing cffe^i 
« .it 4K>vie ri^p ;bo4t further on the beach, 
*ytOQk the wood intirely oat of her^ broke 
*-':pfiF.the rudder, and left hisr afhore full of 
*f Water. At this time ther£ was a gentle 
be«4ze from the weft* snd a mild ferene iky, 

•5 This account was given by Jpttnes Fer-t 
*f gufin a MiUei: at Foki-Say ac&r Glm-Morri' 
^/ottt «n4. alfo. atteflpd by his eompanbiif 
i*: yamet Mac/ioBaU. 

•»' They affert, that the water, in their ot 
if pinion, upon examining th? ground after- 

,. .: . . ^.. .... I' \¥«U-ds, 
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430 ESSAtS A^D OBSERVATidKS 

•* wards, iriuft have rifcn at leaft three feet 
^ perpendicular; and the time of the whole 

" agitation was about three minutes. ■' - ^'- ' 

-» • -' i* 

J. Letter from Mr. John Robeii*sg» V(?^ 
- James ISmollet of B6nhiH-,-^j^; ortPg^ 
" if/^^ Commjfartes' of Edinburgh, cohc^rning 
-'- 'ihe Agitation of the wdters gf -Lofch-lombnd, 
'« November i. 1755*^. ' ' '^ 



• A 



: S t Rf Kosiyon^' <Decim^er 17. i/yj; 

^^ A*S I hav€ been from hdmd for-a'fdrt- 
^ -fr night'pSft,youf'S taihe toliind^olffly 
*? yeftefday,' or would have anfwered ^tt 
•-* fooner. The'taflc you ' iApofe upon ^ fiieV 
^* .«!;/». -the giving an account of the cofhtoo- 
V'tion that was : obferved in thb waters- of 

V Loch'lQman3:x>n the ift oi N<msmber^ isral- 
'^ready executed by Mr. Macfarlane the Mi- 
^* niftcr :o£. Arrocbary according to tlic beft 
**. accounts he could get of it from the'ijpe- 
^* datorsj \ as' I was not jan- eye-witncf$'of 
" this uncommon pbanomenon J and as the ac- 

V count he gives of it is perfe<ftly agreeable 
" to the relations of all thofe who faw'iti 

. • » , . ..^ ..- ■?'?'* 

• Lbchlbmond lies 'iipvwtrds of fifty Englljh miles weft^gf 
ttilfihurib\ abqut the 56th degree of north latitude. 
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^^J will Wfi|e ypuanlcxaa copy off hisrie-' 
fjlataan, wM^h^J tjiinfe,: is^as fu41»afld^;^f- 
*^rtin(ftan apwu^jjus canjbegot.ofit. 
: . " .On the iftvday. of. MyisemberdzH, Lddb- 
^^^jlpmndj . all-of ja fiKldcn;^aiid,\wtthout ab^ 
''gH^^vntxd^ m& againft Ut* banks *<?ftK 
"great rapidity, and immediately retired V 
" and in five minutes time fubfided, till it 
*/• was as low in appearance as any body thetl 
^Vprefent had, ever feencit in time of the 
•f gteatefl fuiiimer. drought, and theri it in- 
^t^flantly returned toward- the ;ihdre, and in 
" ^ve minates time rpfe aa^highvas itwas 
*' before ; and the agitation continued at 
" this rate from half an hour paft ninefo?e- 
" noon till fiftefn jpiiniifes |»ft *eh, ' taking 
«'ii^e minutes jto .rife anfl as , many to hib-' 
*f fidie 3 and from: fifteen minutes after ^ten/ 
« till eleveh, feyery rife can\e fomewhat fhort* 
"in height of 'th4. immediately preccedmg 
^. rife,, taking, fiw minutes to fk)W> and five 
V :tO;ebj>, untiLthevtatcrnfettled as it was 
^ befoi'e^ the/ agitation. After, the agitation 
« was: over, the height to- which tjjp watef* 
** had rofe w^^mieafured, . and found to be^ 
^*" 2; feet: 4'; inches perpendicular. I^o^b'-hng ' 
** and Lochrkeatrm^ weg?: _agit:ftted on t^ie^fanjie 

"day 
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41$ tSSAtS AKb 0B8Ell1?Af tdKi 
'.*.dAyy add about tbo fdtid t'ititt } biit <h« 

** as that any exadt ac:<:dtfiit- «at^ be g<>t df \i', 
. :«* ThI» f chitton df Mr. Maifitrktk'i of the 
<^^&9/Mfl««^B«o» contnils ia it tvety t]»ftg t^-i 
<* mark^bl^ I hive as yet beaiii c«tA(Stfa* 
"iogit. • : 

^hetiet from Mtk Mark MCai/lvm id 

. GfioRGE CLfeRJc, Efq-y cmc&nin^ an wi-i 

ufual mitiin xf.tbe Waters vf the PHlb of 

Fofih,at Q!ieetis-<ferry, finm.mks VMJiof 

Edinburgh, . mtbt \fi of November 175^. 

** ''X^ ** ^ ^^ ***y rtftUembMftdb, tifl 
*• ■ Sautda.^ file ikt^tii ^^^oember^ a- 
*' bout tdn o'clock bttfofd netui) Mng <heil 
" on the pier at ^ueens-^Peyrji I obferved thtf 
** water to rife voy fudddmlyi ind- i^ettirff 
"a^ain with (he fame )^<locity ibottt ft 
" foot or eighteen inches |>erpeiidiealar» asr 
** near as I 6aft remember } thd barks aiid 
** boats then jiflodt ran forwards and back-^ 
*• wards with great rapidityj atid this cdttti- 
« ftued for the fpa^e of thfee or four itii- 
" ftttfcs J but aft^t the fteond Or third ririh 

"of 
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^<i dflt^e-wat^i^^/ ^^csoiusAy dsataK.o'BUftre 
ii^wis tio'mDB. 4tt:thejtiine>dil!i.^aterk<wli:V 

*^agha«ed .a§ '£ib«{*tj^'i cr; :;.r:cn c:ii :'. '' 
•" ." i, : ;.. . ..:) iW^i. i j r. ■;.» (.J to^'/; >■ 

5. An-AtcfOtnt'of afi-VT^iii'-M>ttim'Wil^ 

Sbire'y on Sandaf tbf''-^'^o)^Sr^iij'iy-$6l 

• •■.'•((• ■■llr.z-' y'i I r.r.'i i-^'.:: -.'".-.v c.-: -' 
- .'' isJjRy V- ; .. - igLo»BBY)'k^^ Fthnaty 4. 175^.' 

«* /jf BOUT a qu^r Wortf'nfereiii iSfe»i% 
*''*^ 'lin6i*nirigi' ^ ts^fet^ alartiiecl'Wrth'aii 
«' tinufual iitotion in the Vaters''^ t'M^arw- 
«* Lotihl - 1r4te flriF thiii^'lthdt-%p^fe<f^ to 
»' me ih 'this woftdeififl-^efife, "y^W'i ff^ng 
*^cofivnlfibh arid &gitkti'6tf of the wSterslfrom 
« the'^eft'mtowafa«-tKt"«ai(Hier^ V^herc 
**^ tWey-toflcd aftd 'wheeled Ih a;terT%l<? man- 
«• nw; i Frbni %<bce p^oceecfe'tf 'Xw 
*« cirrrehts, or tnqte proiiefrfyrivfet^";' Which 
*^ riff^with- a-'fwifthii.fs atid •rapidity'^ "^pnA 
« all defcriptioft'qtiite C6dtrdry-W^ysi^''<irie 
■«• frt)m-th^e Twiddle to 'the- foiith'-yft';;''^n^ 
■•T0L',.1L •■ -j-ff •: :-^^i_-i -'"''-^.^tlie 

* It may not b» aipifs %q obf(?rve, that,, en tbe id o£ 
Felruairy 1 756, according to''adviccs ffoih' abroad, *ai confi- 
derable earthquake 4iapp€R6d^t O/^r/^ In F^Viiif{<zA> 
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414 ESSAYS AwixiQftSERVA^Tl'ONS 

f5.tHaotKeritd the horth-cail points* of the 
tf Loch.* .Thferc they were flopped i ihort, 
*' as the banks are pretty high, and ol> 
" liged to turn j which occafioned a pro- 
f^digious tumbling and agitation at both 
V <pids of this^ body of water. There was 
*^ likewayS;.^ current .which rofe fome- 
" tinges <:onfidei:2^1y ^bovc^tbe furfape, near 
" the weft fide, that I frequently obfer- 
*^ ved . running/ with great velocity a hmn- 
5f dred yfirda to the iouthward, and re^ 
"turning, in a, mpnaent. with as great ve-^ 
** locity the, other .way. ,,; What I pbferved 
/Ma tjiie ,nextj place, was the • tofpng of 
," the waters in. thif-pondsi wl^ch were 
^^'f more or,; Icfs moved :as the agitation of 
.Mther Loch canie near, this fide, or kept 
•* at, a ^ greater diftance from it. But, as 
•i it iSsbcj/ond my capacijty to give a particu- 
*f lac.^e^ripjtioD of all that happened on this 
f' QCCa^oo, I (hjtU conclude with telling you, 
•* that thJ5 agitations and currents above men- 
^* tioiied continued, without intermiflion, for 
"^tleaft three hours and an half, or four 
" hours, when they began to abate a little in 
^^ their violence, tho* the toffings and cur- 
** rents were not quite over at iiinfet. I had 

« almoft 
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^.imnohvm. vcimwiA ^ i^^Vmpvning/ ^ 
^/litde-fccfbre nihe,? ^irAdf laftcd* 'fi&Fljaa'4iouif 
^^and-iniialfi; bufrthemBtion of dte irmt^y^ 
^*; Sff .. Were;nbt; fo:»ioleat as ■ the rdayi Wore? 
f^iWhj^is very reriMkibk;; thecftjjwf?' liot 
" the leaft gale of wmd!ioh Sm^iill obe 
** O'clock,: which helped ^§:nQfc{t:Mt|iQ;in,^^^^ 
^.'obfery^tionbv. . ;v: ; , ^ i.i t. ;, 

6. Letter from Mr. Panton relating to the 
Earthquake felt at Punbarton. 

SI Rf DuNBA&TONy January 17, 1755. ' 

*' TN anfWer to ypur's relative to the earth- 
^ quake here, there happened but one 

^' fliock, and that very moderate, before one 
«« of the clock December 31ft 1755 ; it con^ 
^* tinued for a very fmall fpace of time. It 
^' agitated fome people in bed very percepti- 
^* bly, and was felt by Mrs. Weir and fome 
" others, who were not gone to bed. It 
^* had a fenfible effedt upon tame birds in 
" cages, and fowls : it fo alarmed both, as 
" to* make the former flutter prodigioufly, 
^* and the latter to croak in a frightful man- 
f* ner : it ftipok the board out of one cage, 

« and 
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41^ E$SATS XM OaSJ£RVATms« 

¥ waSwCqiiaHy^. &Ak \sy Ildaofe .isrfacx/ltvicd in 
^^gc6und^DflbreyS|^lail)y tbofe i&ib)Dnd;an^ 

^ brs^ /dorang tb^ 'fUoek. : Notfashg^ more 

time in <7&/^^w, Greenock^ and other: {UlaoeS 
of the neighbouring country. 



\'t . ' 



•I .- : \ • 






'! f/ ' 



.•■\'r ' 
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. . ^ , ^ « . A. ... 

Aciji^ their attraaion of fixed alcalis,^ calcanons ^sprtlis^ &<r. 

Air (fixed) attraftcd by cdcarious earth, fixed klcali^ (sff. i^?4. 
Air, th^^pai;?|ii9i3t>f>^it/rQm,ealj^^ 

.. to.iqwk-liflH5*;>'?rtj '^1 .1, ;- c- .; -r .:: • ': .. ,--:. J 
Air, chalk deprived of it, affords lime- water,, 206. f ; , 
Air-pump, the cold produced ip ite'iB«M»ftcd rcceiFer, .4 JS- > 
Aka\i», tbe-qwrtity^of Air,efl?elie4fro9i them by acjds^ J77. 
Alcali {cauftic)contaijvsno li^e, I9?u.iand 200.. ,' . 
AkaliiJ* iiibib^c^, «gperi^^ 157: \ -^ 

Antimonial wine, an uncommon effed of it, 254. ^ _^ 

Ant {procidentia^ xemM}^.oni% SJJa- t .^,-v .. 



S. 






Belly, a child efcaping by a rent in it, 340. 
Black (Dr. Joseph) his cxpej^nts on magfiejia alba, quick- 
lime, &f<. IS7- !• f ? nr :' T ' * -r/^ ,5 r 
Bodies, the w/lexion,ftf %ht froifl..their 4u ^. ! ; . 
liffht ones thcirfpontaQe<}us motions on the fui'f^ces « 

. -. Suids, e6r v, - /^. . • ^ 

coloured ones, the changes sthey undergo in different 



lights,^ 32- 



—doubts, difficulties, and conjeaures ibri- 



cerning them, 59. 
Bones, drawings*x)fT£rjr large ones. >>• 
Bt>swELL (Dr. John) his apcoun^pf bones found in the cvir^ 

rium of a woman, 273. 
5lilge-water tree, its b^k cures worins, 264. 



Digitized by CjOOQ IC 



I I l4 D E X, 

j f 

c. 

Cataradl^ obfervations on the new method of caring it, ^2^ 
I Chalk, deprived of iu air, beconies lunt,^ zifS. ^ 
I Chryftalline hamoar/^ exlrafli^ faccefsfullf afor the new 
method, 327, btc. 
Clerk. (George Bfq;] his drawings of very large bones, 11, 
Clouds,, their variovis colo^urs at fan-rifing and fun-fottin? ac- 
counted fo>r, 75. ' • . > ,'. • ^ . 

Close BURN (Loch) an nncommon motion of its waters^^j3, 
CoLDEN (Mifs JennV) her defcriptioir of the Gafdenia^ a new 
""plant, 5: .. . -.iii . . ' . • 

Cold, produced by evaporathrg^oids,^and by other mean^; 145, 
Colewort, of the filver-Iike appearance or the^rop»'<^ Waler 

on its leaves, 25. " " ' - • *. 

Colours, obfervations on thcnij 12.^ .: : ;: ^ ; . 

r^-*^ — ^queries, dotfbt^, and conjfeAores conceniing diem, 59^ 
Convulftons, periodic nephritic ones, 412. ' 
Concretions, ^ftbri6s of' tophaceous ones* in the idimentafy 

canal, 345. 
Cows, large balls found ift^ their ftomachs,* 351. 
CuLLEN (Dr. William) of the cold produced by evaporating 

fluids, and by other means, 145. 

'' "~ ■ ' '.'•; '■^'- -D. : : \ 

Dogs» experiments ma<?c on them with opittm^ 297. - 
rDropfy, a hiftory of one'ciffed uncxpeAedly, 407. 
Dyfcntery, an bbftlhatc one cured by lime-water, 257. * 

JDuGuiD (Peter) on the anthelminitic virtue of' the bark of 

the bulge-water tree, 264.''- . '. ; 

fiunharton^ an account pf aq earthquake felt there, 435.: 

E. 

Jparth, calcarious, its rcUtion to air and water, »88.' 

* \ ■ ■ when depnved of its air, is converted into quick- 



lime, 185. 
.^afthquake, one felt at Duntarfon, 43^. 



EuleR| 
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« a remark on hk pova*thgma iucis^ Zee. 36:: 

Ev^ipor^oiioC. 'fluids, (troilacesceld, i4S- 

F. 

FellJ[Stephen) his hiftory of a preternatural colledlion of 

* '^aterwith twins, 342. 

Fever, after child-bearing, 417. . 

•— with ba^ fymptbtns, 42b. 

Fever ( American yt\\6w) a dfefctiptioil of it, 372. 

^^ — ... its fymptoms, '376. ^ 

_-., its prognofis, 391. 

Fluids, the fpontaneous motions of light bodies on their fur- 
faces, a6. • * ^ * - 

^ the cold produced by the evaporation of different 

ones, 149. 

Focus ^ of z fpeculum^ not heated by the paflagc of light 
thro' it, 22. t • - . 

TcetUs, a defcription of a tnohftrotts one, 226. ' 

Frogs, experiments on them With opium^ 28 u 

Q. 

QaIiden '(Dr. Ale^a^der) his defcription of a tiiew plant^ r. 
CiLGHRisT (Dr. Ebenezer) hk anfwer to an obje6Uon a^- 

gainft inoculation, 396. 
Goat in the domach, cured by iriufk, 250. 
Gats, remarks xm their iii/%^ir)^;V and inflammation, 353. 
Grainger (Dr. James} his account of a dyfentery cured by 

Bme-water, 257; ■ \ 

H. . . 

Ha|.];.br (Dr. AtBEat) a miftake of fais^ 306. 
Hamilton (Dr. Archibald) his account of the elFi^s of 
femen hyo/cjamt, 243 .... ... 

■ ■ his propofal for curing obftrudted men/es, 403. 
Hearty its power of motion deftroyed by Qfium^ 306. 
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-in frogs becomes (horter aiodptltec diuingilts;|jj;^«i^/si2fi 



longer aid^ redder, ia its V&^^itfy ^O^'i ; . . i - - 

Henbane, feed» its .«fte^ when UJ^o ^Itf.l^gedofiSy 243. 
Hernia, a hiflory of one, 333. 



I-, 



Inoculation (of the fmall-pox) an bbjedtion againft it anfwered^ 

- — the moft proper time for.it, 40^. 

hiiufufceftio of the guts, remarks on it^ 359.. . 
Inflammation of the guts, remjuks on it* 36^. 



Kepler's problem^ a folution of it, 105. 

liigtit; pbfervations on it^ 12. • . 

its mutual penetration, ibM. 
< its amazing fubtilitjf, 13, i^f... 

m .on the heating of bodie^ by it, |3* 



-its reflexion from the furfaces of bodies, 84. 

-its rays projefted with, different velocities, 41* 

-the (tauf<»ofth<diflbrenfrefraogibility'of its rays, 4a. 



jrr-t the imperftd^ton i)f oqr ^knowledge, concerning its iij^ 

flexions, 54. ..... . i . . 

i— — queries, donbts, .sTnd conje&nieB aboatit, S9* 
Lights, diflerent tmes prodoce many chaagerin <:olottred bo4 
■. idiesy 3'i. ^ .. i. ....;.-. . ...*...'/ ."'> 

Lime-water procured fipm chalk without ci^cination/ 20& 

—cures the dyfentery, 25^7 . 

LiND (ALEXA]«t>|R.' BifqOoii the aii^yfis indnlos'of peat^ 

-' 2261^ ' ' J J." r ...A.: . ^../ .• ; :••- "• - 

L1NINC (Dr. John) his hifloryof the American yellow f«ver, 

370. .. ' : / • '•-''«._ ^ 

Livingston (Dr^ Thomas] hishiixnry of ai«mrtfi 33l«- 
^I i.. ; - — ,his account of a dropfy, 407. 

Locb-hmgnd 
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Lungs, always contiguoas to the //f4fr4^ 2;7^* ^ . 
Luxation, a compleat one of the thigh, 317. 

.') 

J/[A<:^%wi% (I^r. Jam^iO -tuf .biftor/ of z^ oQuixjidcAt luxatioa 

. Q^tbf thigh». 317. .. ..,: . . . . . . .\ , 

il^^ff^is/^^i, experiinentVon It, 157* ' . " 

^1 . I r -its hiftprjf and medicit virtues, 158. (^c\ 
,-p- 77^ — -^ — it deftroy8^gfiic}c4in^e f^nd Hmc-water, 170. . 
■ —cannot be reduced by calqinatipn to aui(C.k-Ii9ie« 

> ■ t he quantity of air expelled from it by acids* 

Mblvil'l (Thomas) his obfervations on light and colops, 12. 
JI£?i|S^i„3,new method , of c^dJDg ^oobftru^oifi of them^ 40^. 

Mo^i^, a«e;ify Wtl>9d.pfc9ixjputiii|itspai^l^ 91. 

Monro (Dr. Alexander fenior/his proofs of ttu?.cQnti|jfpty 
of the lungs smd pleurar 276. . r. ^ 

■ his hiftory Qf a child efcajj^njjrj>y a rent in tb^ 

womb, 341. 

-his hiftory of tophficeous concretions in the ali« 



^nvpfltvy canal, 345. ^ ^^^,^^ , . 

-his obfervations on procidcntije am, fntu/u/ceftiOf 



and inflammation of the intefUnes, 393. 
Monro (Dr. Alexander junior) his diHedtion of a moi^* 

ftrous/ar/w, 270. 

• his account of a true vohult^of the intedin^s. 36s* 

MpWAT^AMRs) hi^deicHptionofa moa(lroasy^/«/, 266I ! 
Mufk^' cures the gout in the ftomach, 250. 



N. ' 



Needle, a fmooth one does not touch the (urface of the water 

. 9n which fwim?, 30. . 

, ' IC k k ' Nfwton 
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iWtwVoN (SSr -ts-AAcy miftatett liflih conjeaare conceTmng 
the colours of the clouds at fun-rifing and'fan-retfog/ 7y. ^ 
Nephritic convulfibns, it 12, " . ; 

O. 

0/i«iw, experiments made with it on animals, 280. 

Xw. .1 •deftroys'aH feeling and power of-thbtion k zvitnBls,you 

r does not produce its effcas bjr compreffing the tram or 

bringing pnfleep, 313. 
— ^ — its effedls; n<^t owing tp any (ubtile >^«w/tf lcnt"f9 the 

braiji or inalclesj'. J)ut y&/f-^ to. its ^^lon on tTienttves to 
•" which it is applied, 302. ani 308. 

rr. kills 'frogs fooner' than the dcftrnaion of their brain anf! 

^' fpinal marrow,' 304. - • ' ' • '" 

— — — Skills 'dogs fooneft when injeCied into the cavity of th^ir 

'^''abdoineny^ 1^66, / ' ' '/'". '\* ' * '. V^ 

-**—- iideftte^s the ittltabte powW b/ the tttufac^ 3^10. ' \ 
-retafcl's and at laft puts a ttbp b the mbtibh of die 



'• lieart', 305. 

»7— — the way in which it. kilts animals > * 3 1 4v 

X)vttntmf 6f a woman, bones found In 'it, 273. "" 

{parallaxes of Uie moon, an eafjr method'of coihputing them/ 91. 
Teat, its analyfis, 226I 

•^7;; H8Ulcs,.23i; 

Pbilofopers,' a miftake of many'-oF them, 22. 

PJ^nets, why they appear white, .7 2«. , ^ 

Plant, a defjcription pfa npwpne,.jt, , 

Pringle (JAMEs'EfqO bn the'f(ffe£ts of mufk in the gqut Jn 

the ftomach, 250/ " ' '' " 

Procidentia ani, remarks on itsfure, 35^* 

Quant!ty,,its endlefs divifib^ity averted agaiftft fome Sceptic^, 7|. 
pueries concerning light, colours, and coloured bodies, 5^. 
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gtticklimc, cjcpcrimcnts on it/' 157^ 

.__^^proclaced without the affiftance- bf ^-di' ' 206; " • - 



^efU'/trryt an onafaal ^notion of the watiA tlil^t'^,"^^!^. ' 
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Rays of light, the caafe of their different refrangtbtlity, 46^^ 
, differeftUy-cfllbttfeS tm^s Jjrcjciatd Hvith diffcrfeijt vtf"- 

lociaed^ 41.' - -c-^— -f" ** - -"- V 

«,ui .^ /.. ., ^.f., A »ii/.^i. . i.i'wi.. i* «^. ..ai^>l ,1,1 I I a /{ ti 

%m, metehi^tkmKci'vAth'fp^^ -glTC-dififerciit 

lights, 32. '^^^ ... lia;; 

Sceptics, an objedlipn of theirs againft the lendlefs diviiibiUty 
of quantity anfwered, 71. *^ 

Sky, its bluenefs acttifcteaFfer;- yjA -'■-'^^' ^^ i-v-. :.v !:.Y 

Boa^f^, cbiitains no iiitt*, tgis. aird tboC^-"-*'^'-* * ) >' ' •*'^ 

Stewart (Matthew) hisfoIutionofKE£Litk'i^^t)fOTi,^io^t 

Stramonium^ the effe£U of its fruit, 247. 

ISwAiKE (Dr. ABRAHAi^)onthe effects of the thorn-apple, 247* 

T. 

Tathwkll (I^r.j(Jaj(Njv^^\ifij ^*^''^M 8^*^^ nephr}- 
tic convulfions, 412. 

nrr rbiftory of a fever after child-rbcarinj, 54^7.-^ 3«. •.£ 

-T-1 hiftory of a fever with bad ^i)r^5yjjj;Qmf| 420^.. , 

Te.eth found in thp ovarium of a woA\^n,_275>r . 

Thigh, a conipleat luxation of it, 317, , 

'J'hprn-apple, its effects, 247. . . _ 

•free (wild cabbage) its bark cures wqrmsj_ 2^* 

Xw|ns, with a preternatural ^olledlipn of wai^r, 342. 

Fis percuj^onh, a luxation of the thigh cured by its means, 317. 
folvulus of the intcftine», an account of a tri^c one, 368. 

w. 
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Waten a preternatoral coUedion of them with twins, 342. 
»' in feveral places of Nortt Britain, an ancommoa mo* 

^tipn J;^ tbpiw, 42J. .« , ; • , ,« . , : * ; 

Worms, cored by the bark of the cabbage-tree, z6^t ; r 
WHYTT.(Dr. Robert) his dcfcription of the matrix of the 
buccimtm ampuUatum, 8. -; 

ammals, 280. 



YeUow fever (of AmericaJ its hifioiyt 37pu 

Young (Thomas), on t!U w<^ Wl^^^i of ^^aSig|g ^ 



'" to th^ BOOKBINDER.- 

PlaceTAB. I.-lh>Dting jag. «o- 

iz 

• ••• ■- ■ ■. 9®, 

104 

144 

276 

Vlf. • 3^4 




98 



Digitized by VjOOQ IC 



Digitized by VjOOQ IC 



Digitized by VjOOQ IC 



Digitized by VjOOQ IC 



Digitized by VjOOQ IC 



